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REMARKS 

Claims 1-4, 6, 11-14 and 20-22 are pending in this application. For purposes 
of expedition, claims 5 and 15-16 have been canceled without prejudice or 
disclaimer. Claims 7-10 and 17-19 have been withdrawn from consideration 
pursuant to 37 C.F.R. §1 .142(b) due to the finality of the Restriction Requirement 
(Paper No. 8). Claims 1-4, 6, 11-14 and 20 have been amended in several 
particulars for purposes of clarity and brevity that are unrelated to patentability and 
prior art rejections while Claims 21-22 have been newly added in accordance with 
current Office policy, to further and alternatively define Applicants' disclosed 
invention and to assist the Examiner to expedite compact prosecution of the instant 
application. 

As a preliminary matter, the Examiner asserts that references, such as 
Japanese Paten Laid-Open Publication No. 63-34713, No. 2-29913, No. 5-46945 
and No. 63-191570 as expressly acknowledged and described in the "Background" 
section of Applicants' specification have not been considered unless these 
references are "submitted in a separate paper" and cited by the Examiner in Form 
PTO-892. Actually, a separate paper is encouraged for the Examiner's 
convenience, that is, to provide a readily available checklist for the Examiner to 
indicate which identified documents have been considered. Since these Japanese 
Laid-Open references are publicly available documents and the Examiner has 
already considered them in the context of Applicants' disclosure, there is no need for 
Applicants to submit them in a separate paper. However, if the Examiner still insist 
obtaining hard copies of these Japanese Laid-Open documents, hard copies will be 
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obtained and submitted in due course. 

The drawings have been objected to because of a number of informalities 
kindly listed on page 3 of the Office Action (Paper No. 10). In response thereto, 
FIGs. 4, 9 and 13-14 have been amended to overcome these objections. The 
proposed amendments to FIGs. 4, 9 and 13-14 are attached herewith. 

Similarly, the drawings have also been objected to as failing to comply with 37 
C.F.R. §1. 84(p)(5) for reasons stated on page 3 of the Office Action (Paper No. 10). 
Again, FIGs. 3, 4, 7, 9, 11-14 and 16 have been amended to overcome these 
objections. The proposed amendments to FIGs. 3, 4, 7, 9, 11-14 and 16 are 
attached herewith. A Letter to the Office Draftsman accompanies this response. 
Indication in subsequent Office correspondence of the acceptance to the drawing 
corrections proposed in the Letter, is requested to enable Applicants to timely 
arrange for the corrections to be made prior to the date for payment of any issue fee. 

The previously submitted substitute specification has not been entered as 
failing to comply with 37 C.F.R. §1 .125(b). As a result, the Abstract of the disclosure 
has also been objected to because of the length. Likewise, the spacing of lines of 
the originally filed specification has been found difficult to read. Again, for purposes 
of expedition, a substitute specification including a new Abstract is attached for the 
Examiner's convenience and entry. In addition, a marked-up copy of the originally 
filed specification is also attached to comply with 37 C.F.R. §1.1 25(b). Accordingly, 
all outstanding objections to the specification, as identified by the Examiner on page 
5 of the Office Action (Paper No. 10) are now moot. 

Claims 1 and 1 1 have been objected to because of informalities noted on 
page 5 of the Office Action (Paper No. 10). Specifically, the Examiner asserts that 
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the term "above-mentioned" in claim 1 should be deleted, and the term "an optical 
image" in claim 11 should be "said optical image". In response thereto, claims 1 and 
1 1 have been amended to overcome this objection. 

Claims 1-5, 1 1-15 and 20 have been rejected under 35 U.S.C. §103 as being 
unpatentable over Valstyn, U.S. Patent No. 4,51 1,942, as modified to incorporate 
selected features from Lackey, U.S. Patent No. 6,093,083 and Shafer, U.S. Patent 
No. 5,717,518. This rejection is respectfully traversed, however. Applicants 
respectfully submit that features of Applicants' claims 1-5, 11-15 and 20 are not 
disclosed or suggested by Valstyn '942, Lackey '083 and Shafer '518, whether taken 
individually or in combination with any other references of record. Therefore, 
Applicants respectfully request the Examiner to reconsider and withdraw this 
rejection for the following reasons. 

Claims 1-5, 1 1-15 and 20 define a method and an apparatus for measuring 
dimensions and alignment error of thin film magnetic heads formed on a substrate . 
Specifically, independent claim 1 defines a method of measuring dimensions and 
alignment error of thin film magnetic heads formed on a substrate, comprising the 
steps of: 

illuminating a magnetoresistance effect element and a 
resistance detector element which is formed for monitoring a lapping 
process, both of which are formed on the substrate, with illuminating 
light whose wavelength is 300 nm or less; 

forming an image by imaging light reflected from said elements; 

converting said image to an image signal through photoelectric 
conversion; and 

detecting dimensions and alignment error of the 
magnetoresistance effect element and the resistance detector element 
formed on the substrate from said image signal. 

Likewise, independent claim 1 1 defines an apparatus for measuring 

9 





NAKATA, Serial No. 09/437,265 



Docket No. 501.37854X00 



dimensions and alignment error of thin film magnetic heads formed on a substrate , 
comprising: 

a light source for emitting light whose wavelength is 300 nm or 

less; 

illuminating means for illuminating a magnetoresistance effect 
element and a resistance detector element which is formed for 
monitoring a lapping process, both of which are formed on a substrate, 
with illuminating light emitted from said light source; 

imaging means for obtaining an optical image of said substrate, 
illuminated by said illuminating means; 

image pick up means for converting an optical image of said 
substrate, which is imaged by said imaging means, to an image signal 
through photoconversion; and 

detecting means for detecting dimensions and alignment error 
of said magnetoresistance effect element and said resistance detector 
element formed on the substrate from said image signal that is 
obtained by said image pick up means. 



As expressly defined in each of Applicants' independent claims 1 and 1 1 , the 
dimensions and alignment error of the magnetoresistance effect element and the 
resistance detector element formed on the substrate are detected by using an image 



In contrast to Applicants' claims 1-5, 11-15 and 20, Valstyn '942, as a primary 
reference, only discloses the use of a lapping guide or sensor 22 as shown in FIG. 1 , 
to accurately control the "throat height" (also known as "the distance from the pole 
faces to the point at which the spacing between magnetic films being to become 
greater than the gap length") in a magnetic film head. The lapping guide is provided 
to take into account the uncertainty inherent in the photolithographic processes used 
to form various films of magnetic heads. 

Absolutely, there is no disclosure whatever from Valstyn '942 of any method 
or apparatus for measuring dimensions and alignment error of thin film magnetic 
heads formed on a substrate as expressly defined in each of Applicants' claims 1-5, 



signal. 
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11-15 and 20. 

Moreover, in contrast to the Examiner's assertion, this noted deficiency of 
Valstyn '942 cannot be remedied by either secondary references, Lackey '083 and 
Shafer '518. This is because Lackey '083 simply discloses a process of 
manufacturing disk drive sliders in order to minimize a yield loss during each 
bonding and debonding operation, and Shafer *518 only discloses a broad spectrum 
ultraviolet catadioptic image system in which an achromatic multi-element field lens 
is used, as shown in FIG. 1 , in order to correct image and color aberrations. Neither 
Lackey *083 nor Shafer '518 discloses or suggests any method or apparatus for 
measuring dimensions and alignment error of thin film magnetic heads formed on a 
substrate as expressly defined in each of Applicants' claims 1-5, 11-15 and 20. 

In fact, nothing in the Office Action (Paper No. 10) is there any allegation that 
one skilled in the art can incorporate features from Lackey '083 and Shafer '518 into 
the basic lapping guide of Valstyn '942 for the purposes of accurately controling the 
"throat height" in a magnetic film head in order to arrive at Applicants' claimed 
"method or apparatus for measuring dimensions and alignment error of thin film 
magnetic heads formed on a substrate " as expressly defined in each of Applicants' 
claims 1-5, 11-15 and 20. 

The law under 35 U.S.C. §103 is well settled that "obviousness cannot be 
established by combining the teachings of the prior art to produce the claimed 
invention, absent some teaching, suggestion or incentive supporting the 
combination." ACS Hospital System, Inc v. Montefiore Hospital , 732 F.2d 1572, 
1577,221 USPQ 929, 933 (Fed. Cir. 1984). The Examiner must point to 
something in the prior art that suggests in some way a modification of a particular 
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reference or a combination of references In order to arrive at Applicants' claimed 
invention. Absent such a showing, the Examiner has improperly used Applicants' 
disclosure as an instruction book on how to reconstruct to the prior art to arrive at 
Applicants' claimed invention. This is in addition to the requirement that the prior art 
reference (or references when combined) must also teach or suggest all the claim 
limitations . The teaching or suggestion to make the claimed combination and the 
reasonable expectation of success must both be found in the prior art, and not 
based on Applicants' disclosure. In re Vaeck , 947 F.2d 488, 20 USPQ2d 1438 (Fed. 
Cir. 1991). See MPEP 2143. In other words, all the claim limitations must be 
taught or suggested by the prior art. In re Rovka , 490 F.2d 981 , 1 80 USPQ 580 
(CCPA 1974). "All words in a claim must be considered in judging the patentability of 
that claim against the prior art." In re Wilson , 424 F.2d 1 382, 1 385, 1 65 USQP 494, 
496 (CCPA 1970). 

In the present situation, Valstyn '942, Lackey '083 and Shafer *5 fail to 
disclose and suggest Applicants' claims 1-5, 11-15 and 20. Therefore, Applicants 
respectfully request that the rejection of claims 1-5, 11-15 and 20 be withdrawn. 

Lastly, claims 6 and 16 have been rejected under 35 U.S.C. §103 as being 
unpatentable over Valstyn, U.S. Patent No. 4,511,942, as modified to incorporate 
selected features from Lackey, U.S. Patent No. 6,093,083 and Shafer, U.S. Patent 
No. 5,717,518 as applied to claims 1 and 1 1 above, and further in view of Suzuki et 
al., U.S. Patent No. 5,471 ,084. Since the correctness of this rejection is predicated 
upon the correctness of the rejection of Applicants' claims 1 and 1 1 , Applicants 
respectfully traverse the rejection for the same reasons discussed against the 
rejection of claims 1 and 11 above. 
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Claims 21-22 have been newly added to alternatively define Applicants' 
disclosed invention over the prior art of record. These claims are believed to be 
allowable at least for the same reasons discussed against all the outstanding 
rejections of the instant application. No fee is incurred by the addition of claims 21- 
22. 

In view of the foregoing amendments, arguments and remarks, all claims are 
deemed to be allowable and this application is believed to be in condition to be 
passed to issue. Should any questions remain unresolved, the Examiner is 
requested to telephone Applicants' attorney at the Washington DC area office at 
(703)312-6600. 

To the extent necessary, Applicant petitions for an extension of time under 37 
CFR §1.136. Please charge any shortage in the fees due in connection with the 
filing of this paper, including Petition and excess claim fees, to ATS&K Deposit 
Account No. 01-2135 (referencing case No. 501.37854X00). 

Respectfully submitted, 

Hung H. Bui / 
Registration No. 40,415 

ANTONELLI, TERRY, STOUT & KRAUS, LLP 
1300 Nortin Seventeenth Street, Suite 1800 
Arlington, Virginia 22209-3801, USA 
Telephone 703-312-6600 
Facsimile 703-312-6666 
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SUBSTITUTE SPECIFICATION 



Title of The Invention 



METHOD FOR MEASURING DIMENSIONS AND ALIGNMENT OF 
THIN FILM MAGNETIC HEAD AND APPARATUS THEREFOR 



The present invention relates to a method of nrieasuring the dimensions and 
the alignment of a thin film magnetic head which comprises a magnetic induction 
type conversion element or a magnetoresistance effect element and which is formed 
on a substrate by a lamination process, and wherein the method employs a 
dimension and alignment measuring apparatus; and, more specifically, the invention 
relates to a method of measuring the dimensions and the alignment of a 
magnetoresistance effect element with a high degree of accuracy, and an apparatus 
for carrying out the method. 

Lately, in magnetic disk apparatuses, there has been a steady trend toward 
reduction in the size and enlargement in the capacity thereof; and, currently, small 
size magnetic disk apparatuses equipped with a 3.5 inch or 2.5 inch disk have 
become mainstream items. In such small size magnetic disk apparatuses, since the 
rotation speed of the disk is relatively low, a decrease in the reproduced output has 
become a great concern in the use of a magnetic induction type head whose 
reproduced output is dependent on the disk speed. 

In contrast to this, a magnetoresistance effect type head (hereinafter referred 
to as an MR head : MR = magneto-resistive) that employs a magnetoresistance 
effect element (hereinafter referred to as an MR element) whose resistance varies in 
accordance with a change in the magnetic field produces an output that is not 



Background of The Invention 
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dependent on the speed of the disk, and, hence, such a head can produce a high 
reproduced output even in the case of a small size magnetic disk apparatus. 

Besides, since the MR heads can deliver a higher reproduced output 
compared to magnetic induction type magnetic heads, even when applied to 
narrower tracks, which is accompanied by a higher-density storage configuration, the 
MR heads are considered to be suitable to satisfy the trend toward miniaturization 
and mass storage in the magnetic media. 

By the way, since an MR head detects a change in the resistance value 
caused by a change in the magnetic field, an MR head that uses an MR element 
exposed in a plane of a magnetic head slider opposed to the disk (hereinafter 
referred to as a floating surface) has a larger reproduction efficiency. In such an MR 
head, whose MR element is exposed in the floating plane thereof, part of the MR 
element is processed (lapped and polished, hereinafter referred to only as being 
lapped for simplicity) so as to expose the MR element in the floating plane in 
processing the floating plane. The dimension in a direction normal to the floating 
plane of the MR element is called the height of the MR element (hMp), which is 
controlled so as to be within a prescribed value by controlling the amount of lapping 
in a lapping process. 

In the MR head, the reproduced output changes depending on the height of 
the MR element, and, hence, a problem that the reproduced output varies or the 
reproduced output cannot reach a prescribed level may occur if the heights of the 
MR elements vary. Therefore, to prevent a variation in the reproduced output of the 
MR head and also to attain a high yield in the manufacture thereof, it is necessary to 
control the heights of the MR elements with a high degree of accuracy in the lapping 
process. For example, in the case of a surface recording density of 4 Gbit/inch^, 
presumably the accuracy of the height of the MR element is required to be about 
+0.2 gm; whereas, in the case of a surface recording density of 10 Gbit/inch^, the 
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accuracy is required to be about +0.15 gm. 

In order to control the heights of the MR elements with a high degree of 
accuracy in the lapping process, it is important to measure the heights of the MR 
elements accurately during the lapping. Presently, the design height of an MR 
element is about 0.5 to 3 gm. Since an induction type head for writing data is 
formed on the top of the MR element, it is difficult to directly measure the height of 
the MR element with optical means. 

With this in view, Japanese Patent Laid-open Publication Nos. 63-34713 and 
2-29913 propose a method wherein the height of the MR element (or the amount of 
lapping in the lapping process) is measured indirectly by a method wherein a 
measurement marker is formed in an element formation process and measurements 
are made based on the marker using optical means. However, this method can 
hardly be applied to in-process measurement during the lapping process. 

Now, a method is proposed as a feasible method to perform in-process 
measurement wherein the resistance value of the MR element is measured and then 
the value is converted to the height of the MR element. This method can be 
implemented by two techniques: one is described in Japanese Patent Laid-Open 
Publication No. 5-46945, and proposes to directly measure the resistance value of 
the MR element itself and convert the value to the height of the MR element; and the 
other is described in Japanese Patent Laid-open Publication No. 63-191570, and 
proposes to measure the resistance of an element (hereinafter referred to as 
resistance detector element (ELG element; ELG= Electric Lapping Guide)) that is 
formed separately from the MR element and to calculate the height of the MR 
element from the resistance value. 

Of these methods, the former method for directly measuring the resistance of 
the MR element has the following problems. 

(1) The MR element is formed using a thin film technology whose typical 
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techniques are sputtering, exposure, ion-milling, etc. The dimensional accuracy 
attainable through this process is about +0.2 pm. On the other hand, the width of 
the MR element (i.e. track width) is as narrow as 0.8 to 2.0 pm, and, therefore, a 
variation in the resistance value of the MR element occurs due to a variation in the 
track width. 

(2) In forming an MR film by sputtering, there occurs a variation in its 
thickness depending on its position on a wafer, namely whether it is at a center part 
or an edge part of the wafer, and the variation in the thickness in the wafer becomes 
a factor which contributes to the variation in the resistance value of individual MR 
elements. Especially, in recent years, the film thickness of the MR element has 
become thinner, and so the unevenness of the film thickness tends to increase. As 
a result, the variation in the resistance value also increases. That is, a real MR 
element suffers from a variation in the resistance value due to a variation in the track 
width and an unevenness in the film thickness. This variation in the resistance value 
causes an error in measuring the height of the MR element, hence becoming one of 
the factors responsible for deterioration of the accuracy of the measurement. 

In contrast to this, the latter method for performing in-process measurement 
by measuring the resistance value and converting the value to the height of the MR 
element has the following merits. 

(1) In a resistance detector element, the track width can be made larger (10 to 
500 gm) arbitrarily, and, therefore, its resistance value hardly varies at all, even 
when the track width varies by +0.2 pm, for example. Therefore, the variation in the 
track width has only a little effect on the resistance value. 

(2) In a resistance detector element, it is possible to cancel out the 
unevenness of the film thickness in calculating the height of the MR element from 
the resistance value of the resistance detector element by the use of a reference 
pattern element (reference resistance). 
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As described in the foregoing, the method of performing a measurement of 
the height of the MR element by the use of a resistance detector element enables In- 
process measurement of the height of the MR element with a high degree of 
accuracy, because the effect of both the variation in the track width and the 
unevenness of the film thickness can be reduced. However, this method involves 
the following problems. 

Both the resistance detector element and the MR element are formed by a 
thin film process whose typical techniques are sputtering, exposure, ion-milling, etc. 
In an exposure process, however, when there is an unevenness in the resist film 
thickness and an illuminance unevenness, a variation in the exposure occurs, and, 
hence, a variation in dimension results. Further, in some cases, when there is 
image distortion in the exposure equipment, an alignment error in the element 
occurs. In the method using a resistance detector element, the real height of the 
MR element is not directly measured, and it is assumed as a major premise that the 
resistance detector element and the MR element are formed in conformity to design 
dimensions and design alignment. 

Accordingly, if the dimensions of the resistance detector element and the MR 
element vary, as described above, or there occurs a misalignment in these 
elements, such variation and misalignment all give rise to measurement errors, and, 
finally, a variation in the height of the MR element occurs in the lapping process. 

Summary of The Invention 

An object of the present invention is to provide a method of in-process 
measurement of the height of an MR element, wherein the resistance value of a 
resistance detector element is measured during the lapping process, and the 
measurement value is converted to the height of the MR element. 

It is a further object of the invention to provide a method of measuring both 
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the variation in dimensions and the misalignment of the MR element and the 
resistance element, which become error factors, and an apparatus for carrying out 
the method. It is another object of the invention to provide a method of monitoring a 
MR element formation process by using the above-described method and 
apparatus, detecting a problem in the process, and modifying parameters of film 
deposition equipment and exposure equipment to eliminate the problem. 

To achieve the above-described objects, the method of measuring the 
dimensions and alignment of a thin film magnetic head according to the present 
invention employs a magnetoresistance effect element and a resistance detector 
element for monitoring the lapping process, both of which are formed on a substrate 
and are illuminated with light emitted from a light source whose wavelength is 300 
nm or less, preferably is 200 nm. An image is formed by imaging reflected light from 
the aforesaid elements, the image is converted to an image signal through 
photoconversion, and geometrical information of the above-described 
magnetoresistance effect element and the above-described resistance detector 
element for monitoring the lapping is detected from the aforesaid image signal. 

Further, in accordance with the present invention, the above-described light is 
prescribed to be light having a wavelength of 248 nm, or of 266 nm, or of 213 nm. 

Moreover, in accordance with the present invention, the above-described 
geometrical information includes the dimensions of the element or a measure of the 
alignment error of the element. 

Furthermore, in accordance with the present invention, the above-described 
magnetoresistance effect element and the .above-described resistance element for 
monitoring the lapping process have a structure wherein the elements are covered 
with end face protection films. 

Also, to achieve the above-described objects, the method for measuring the 
dimensions and alignment of a thin film magnetic head according to the invention 
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employs a magnetoresistance effect element and a resistance detector element for 
monitoring the lapping process, both of which are formed on a substrate and are 
illuminated with light emitted from a light source whose wavelength is 300 nm or 
less, preferably is in the range of 200 nm. Reflected light from the elements is made 
to interfere with reference light, interference light thus formed (i.e. a combination of 
the diffracted light and the reference light) is imaged to form an image, this image is 
converted to an image signal through photoconversion, and geometrical information 
of the magnetoresistance effect element and the resistance detector element for 
monitoring the lapping is detected from this image signal. 

Also, to achieve the above-described objects, the apparatus for measuring 
dimensions and alignment of the thin film magnetic head according to the invention 
comprises a light source; illuminating means for illuminating the magnetoresistance 
effect element and the resistance detector element for monitoring the lapping 
process, both of which are formed on a substrate, with light emitted from a light 
source whose wavelength is 300 nm or less, preferably in the vicinity of 200 nm; 
imaging means for imaging reflected light from this element; image pick up means 
for converting the image obtained by this imaging means to an image signal; and 
geometrical information detecting means for detecting geometrical information of the 
magnetoresistance effect element and the resistance detector element for 
monitoring the lapping. 

Also, to achieve the above-described objects, the apparatus for measuring 
the dimensions and alignment of the thin film magnetic head according to the 
invention comprises a light source; illuminating means for illuminating the 
magnetoresistance effect element and the resistance detector element for 
monitoring the lapping, which are both formed on a substrate, with light whose 
wavelength is 300 nm or less, and preferably is in the vicinity of 200 nm; interfering 
means for making reflected light from the element interfere with reference light; 
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imaging-means for imaging the interference light; image pick up means for 
converting an image obtained by this imaging means to an image signal; and 
geometrical information detecting means for detecting geometrical information of the 
magnetoresistance effect element and the resistance detector element for 
monitoring the lapping. 

Brief Description of The Drawings 

FIG. 1 is a diagram showing the formation of a row of bars on a wafer. 

FIGs. 2(a) to 2(c) are diagrams showing a formation of the MR elements and 
the resistance detector elements on the row bar, as well as a lapping process 
thereof. 

FIG. 3 is a block diagram showing a constitution of a dimension/alignment 
measuring apparatus for MR and ELG (an apparatus for measuring dimensions and 
alignment of the MR element and the resistance detector element) according to a 
first embodiment of the present invention. 

FIG. 4 is a graph showing a characteristic of spectral transmittance of a 
dichroic mirror. 

FIG. 5 is a top view showing the MR element to be measured and its 
electrode part. 

FIGs. 6(a) and 6(b) are side cross-sectional views of the MR element, as 
seen along line a-a and line b-b, respectively, in FIG. 5. 

FIG. 7 is a diagram showing the resistance detector element to be measured 
and its electrode part. 

FIGs. 8(a) and 8(b) are diagrams showing an image signal along a height 
direction of the MR element and its differential waveform. 

FIG. 9 is a diagram showing an example of measurement of relative 
alignment error of the MR element and that of the resistance detector element. 
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FIG. 10 is a diagram showing results of measurement of the height of the MR 
element and that of the resistance detector element for a row bar on a wafer. 

FIG. 1 1 is a diagram showing results of measurement of alignment of the MR 
elements and that of the resistance detector elements. 

FIG. 12 is a schematic block diagram showing a dimension/alignment 
measuring apparatus for MR and ELG according to a second embodiment of the 
present invention. 

FIG. 13 is a schematic block diagram showing a constitution of a 
dimension/alignment measuring apparatus for MR and ELG according to a third 
embodiment of the present invention. 

FIG. 14(a) is a schematic diagram showing details of a measurement optical 
system according to the third embodiment of the present invention. 

FIG. 14(b) is a side view of the wafer being processed. 

FIG. 15 Is a diagram showing a phase modulation element according to the 
third embodiment of the present invention. 

FIG. 16 is a schematic block diagram showing a dimension/alignment 
measuring apparatus for MR and ELG according to a fourth embodiment of the 
present invention. 

Description of The Preferred Embodiments 

Hereafter, various embodiments according to the present invention will be 
described with reference to the drawings. 

First, prior to description of the embodiments according to the present 
invention, sources that cause a variation in the dimensions of the MR element during 
the lapping process will be described. 

FIG. 1 is a view showing the process of forming the MR elements and the 
resistance detector elements and FIGs. 2(a) to 2(c) are views showing the lapping 
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process applied to these elements. As shown in FIG. 2(a), a plurality of MR 
elements 3 and a plurality of resistance detector elements 4, which are located on 
either side of each MR element so that the MR elements are interposed 
therebetween, are formed in a band by a thin film process whose typical techniques 
are sputtering, exposure, ion-milling, etc. A plurality of the elements thus formed are 
separated from a wafer 1 , being cut off in a band. This band is called a row bar 2. 
Within one row bar 2, for example, 30 pieces of MR elements 3 and 31 pieces of 
resistance detector elements 4 are arranged in a single row. In the example shown 
in FIG. 1 , there are groups of four row bars 2, each group comprising one unit U, 
and each of the elements are formed by gang exposure (exposed as a group). 

As shown in FIG. 2(a), by lapping a cut-off row bar 2 from the direction of the 
arrow indicated in the figure, 30 pieces of MR elements 3 are gang lapped so that 
the MR elements 3 are exposed in the floating plane 80 and all MR elements 3 are 
controlled to have the height hMR of a prescribed dimension. The floating plane 80 is 
processed to a prescribed shape with a prescribed roughness. 

Here, since the reproduced output varies depending on the height hMR, of the 
MR element, if the heights of the MR elements vary, there occurs a problem in that 
the reproduced output varies or a prescribed reproduced output cannot be attained, 
with a result that the MR element becomes defective. Therefore, in order to 
suppress the variation in reproduced output of the MR element and also to attain a 
high yield, it is necessary to measure the height of the MR element hMR during the 
lapping process and control the amount of lapping with a high degree of accuracy for 
all MR elements. 

In order to implement this requirement, use is made of resistance detector 
elements (ELG) 4 that are formed In the vicinity of the MR elements 3 by an identical 
process. That is, as seen in FIG. 2(a), current is supplied from an electrode 5 of 
each resistance detector element 4, the change of the resistance value by lapping is 
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measured for each resistance detector element, the height of the MR element hwR is 
calculated from the resistance value, and then the row bar 2 is bent. The lapping 
weight is controlled, as is shown in FIG. 2(b), so that the resistance values, namely, 
the heights of the MR elements hMR become uniform, and, hence, the alignment 
curve 7 defined by each position 6 of each resistance detector element 4 becomes a 
straight line. 

The major premise underlying this method is that dimensional error and 
alignment error among the MR elements 3, dimensional error and alignment error 
among the resistance detector elements 4, and dimensional error and alignment 
error among both the MR elements 3 and the resistance detector elements 4 are all 
within about one tenth of a target dimensional accuracy (for example +0.2 - 0.15 
pm), namely within about 20 to 15 nm. 

The resistance detector elements 4 and the MR elements 3 are formed by an 
identical process, including techniques such as sputtering, exposure, ion-milling, etc. 
using an identical exposure mask. In case, for example, image distortion and/or 
illuminance unevenness occur in the exposure equipment or unevenness occurs in 
the resist coating etc. in the exposure process, the MR elements 3 become out of 
alignment relative to the alignment curve 7 defined by the resistance detector 
elements 4, as shown in FIG. 2(a), or dimensional error of the element height among 
the MR elements 3 or the resistance detector elements 4 will occur as shown in the 
same figure. 

If lapping is performed in this situation so that the resistance values of 
resistance detector elements 4 become uniform, as is shown in FIG. 2(b), by 
bending the row bar and adjusting the lapping weight (so that the alignment curve 7 
becomes a straight line), the heights of the MR elements 3 h^R will vary largely after 
lapping, as is shown in FIG. 2(c). 

In view of this, the present invention intends to monitor the MR element 
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formation process, detect a nonconformity in its early stage, and modify the process 
parameters by directly measuring the variation in dimensions of the MR elements 
and that of the resistance detector elements, which are error factors in the above- 
described lapping method, and alignment error of both elements just after the MR 
elements 3 and the resistance detector elements 4 are formed on the wafer 1 . 
Hereinafter, embodiments according to the present invention will be described in 
detail with reference to FIG. 3 to FIG. 16. 

A first embodiment according to the present invention will be described with 
reference to FIG. 3 to FIG. 1 1 . 

FIG. 5 is a view showing the MR element 3 to be measured and electrodes 
49a and 49b located at both sides of the MR elements 3. FIG. 6(a) is a view 
showing a cross section taken along line a-a in FIG. 5; FIG. 6(b) is a view showing a 
cross section taken along line b-b in FIG, 5. Further, FIG. 7 is a view showing the 
resistance detector element 4, which is another component to be measured, and its 
electrode part 5. 

When the surface recording density exceeds 10 Gbit/inch^, resulting in a 
narrowing of the track width, the track width Wt of the MR element 3 shown in FIG. 5 
decreases to 0.5 pm or less, and it is expected that the precision of the element 
height hMR is required to be about +0.15 pm. 

Based on a principle of the above-described lapping method, in order to 
ensure this accuracy, it is necessary to control the accuracy of the height hMR, the 
track width Wt of the MR element in FIG. 5, the height Helg of the resistance 
detector element 4, as seen in FIG. 7, and also alignment error among the MR 
elements, the alignment error among the resistance detector elements, and relative 
alignment error between both elements to be within +0.15 pm or so. Therefore, the 
measurement accuracy that is required of the present invention is one which 
enables measurement of the variation in dimensions and alignment error within this 
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value, +0. 1 5 ^Jm or so. 

Hereupon, in case normal visible light, for example light of a wavelength of 
0.5 |jm or so, is employed, provided that the numerical aperture (NA) of an optical 
system is 0.9, the theoretical resolution is calculated to be approximately 0.34 pm 
(i.e. 0.61 H wavelength/NA), and, hence, the above-described track width Wt=0.5 
pm reaches almost the resolution limit. It is extremely difficult to measure, with a 
high degree of accuracy, the height of the MR element hMR and the height of the 
resistance detector element hELc, which have a variation of +0.15 pm, and, needless 
to say, it is also difficult to measure the track width Wt accurately, from images 
whose feature sizes are in the vicinity of such resolution limit. Measuring the 
variation in dimensions and an alignment error of +0.15 pm requires almost the 
same resolution in measurement. 

By the way, as shown in FIG. 6(a), the end faces 3a and 3b of the MR 
element 3 as seen in a direction of the electrodes are covered with electrodes 49a 
and 49b, providing a construction wherein the end faces 3a and 3b are not exposed 
to the atmospheric air. On the other hand, as shown in FIG. 6(b), the end faces 3c 
and 3d of the MR element in a direction of the height hMR are generally covered with 
transparent ceramic thin films 51a and 51b having a thickness of tens of 
manometers which serve as end face protection films, because otherwise the end 
faces 3c and 3d in situ are exposed to the atmospheric air and are likely to suffer 
corrosion. 

In FIG. 5, broken lines 50a and 50b show boundaries of these transparent 
end face protection films. If, for example, a SEM (Scanning Electron Microscope) or 
an AFM (Atomic Force Microscope) are used to obtain the above-described 
resolution of 0.15 pm or so, the detected signal obtainable catches only the surface 
profile of the end face protection film and cannot catch the underlying end faces 3c 
and 3d. 
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In view of such a restriction given by the target to be measured, the present 
invention has been created. FIG. 3 is a diagram showing a dimension and 
alignment measurement apparatus for the MR elements and resistance detector 
elements according to the present invention (hereinafter simply called a 
dimension/alignment measurement apparatus for MR and ELG). 

This apparatus is composed of a measurement optical system 101 , an 
automatic focusing system 201, an image signal processing and controlling system 
301 , and a stage system 401 . 

A major feature of this apparatus is that DUV (Deep Ultraviolet) light having a 
wavelength of 248 nm and a DUV matching objective lens with a NA of 0.9 are 
employed to detect an element pattern for the purpose of implementing image 
measurement through the medium of the end face protection films described above 
and enabling measurement of the variation in dimensions and alignment error of 
+0.15 pm or so. In this case, the theoretical resolution becomes 0.17 pm, and the 
variation in dimensions of the height of the MR element hMR, and that of the 
resistance detector element Helg, both of which are +0.15 pm or so, as well as the 
above described track width Wt of 0.5 pm or so, can be measured and measurement 
of alignment error of the MR elements and the resistance detector elements can 
also be performed. 

The stage system 401 is composed of high-precision X-stage 28x and 
Y-stage 28y whose straightness is 10 nm or so in the range of the length of a row 
bar, for example, 50 mm, a 0 stage 29, and a high-precision Z-stage 30 whose 
straightness is 10 nm or so in the range of its stroke of 50 pm. A wafer 1 is mounted 
on a vacuum chuck (not shown in the figure) on the Z-stage 30. After a row bar is 
mounted, the 6 stage 29 is rotationally adjusted so that the direction of the row bar 
(being parallel to the plane of the figure) is parallel to a scanning direction of the 
X-stage 28x (being parallel to the plane of the figure). 
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In the measurement optical system 101, an element area on the wafer 1 is 
epi-illuminated with DUV light 22 having a wavelength of 243 nm emitted from the 
DUV light source 21 through a DUV matching relay lens 23 and a DUV matching 
objective lens 26 with a NA of 0.9. By the way, a beam splitter 24 is used for 
separating illumination light and detected light, and a dichroic mirror 25 is used for 
separating the DUV light 22 and laser light 33 having a wavelength of 750 nm for 
automatic focusing. Reflected light from the element area on the wafer 1 is imaged 
onto a CCD solid image pickup element 38 through the DUV matching objective lens 
26 and DUV imaging lens 37. The pixel size of the CCD solid image pickup element 
38 is chosen to be about 20 nm on the wafer, considering that measurement of 
dimensions and alignment are to be performed with the accuracy of +0.15 pm or so. 
In the image signal processing and controlling system 301, an image signal from the 
CCD solid image pickup element 38 is converted to a digital signal with an AD 
converter 39 and is then fed into a computer 40. The computer 40 controls the 
X-stage 28x and the Y-stage 28y in a step-and-repeat scanning manner through a 
stage driver 31 based on the design alignment data of the MR element and the 
resistance detector element which are stored in a memory 43 beforehand. Along 
the row bar (area of the row bar on the wafer 1) as shown in FIG. 2(a), the computer 
40 repeats the cycle: translating the X-stage 28x halting -> picking up an image of 
the MR element translating halting picking up an image of the resistance 
detector element translating halting xxxxx. When the process of picking up 
the images is completed for all elements within one row bar, the computer 40 makes 
the Y-stage 28y move to a position of another row bar and makes the X-stage 28x 
translate to perform a measurement and repeats it. 

The depth of focus for the measurement optical system 101 is calculated to 
be +0.15 pm based on the wavelength of 248 nm and the NA of 0.9 of the DUV 
matching objective lens 26, and, therefore, it is not essential to perform 
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high-precision focusing in picking up images. 

In view of this, the automatic focusing system 201 performs this focusing in 
the present embodiment. A collimated light beam 33 having a wavelength of 780 
nm emitted from a semiconductor laser 32 is reflected by the dichroic mirror 25 and 
is made to enter a peripheral portion of a pupil of the DUV matching objective lens 
26, so as to illuminate the wafer 1 obliquely from above. The reflected light enters 
the objective lens 26 obliquely, being transformed into a collimated light beam 48, 
and enters a two-division photodiode sensor 34. 

The two-division photodiode sensor 34 comprises two photodetector parts 
34a and 34b, whose output signals from both photodetector parts 34a and 34b are 
fed into a difference circuit 35, and a differential signal from the difference circuit 35 
is sent to the computer 40. When an element pattern to be measured on the wafer 
1 is in an in-focus condition to the CCD solid image pickup element 38, the position 
of the sensor 34 is fine-tuned beforehand so that this differential signal is set to be 
zero. 

As shown in FIG. 3, when the stage height or the height of an element pattern 
to be measured varies, the position of the reflected light beam 48 from the wafer 1 
changes, which causes the output from the difference circuit 35 to increase or 
decrease. The Z-stage 30 is fine-tuned in response to a control signal from the 
computer 40, so that this differential output is constantly maintained to be zero, and, 
thereby, an in-focus condition is held. 

FIG. 4 is a graph showing a characteristic of spectral transmittance of a 
dichroic mirror 25. The dichroic mirror 25 transmits 90% or more of the DUV light 
having a wavelength of 248 nm used for image measurement and also transmits 
95% or so of the laser light used for automatic focusing. Further, this measurement 
optical system 101 is constructed using a double-telecentic optical system, which 
generates a smaller magnification error in response to a small amount of shift in a 
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focal position. By the way, an automatic focusing system may be a system which 
calculates the contrast of a pattern, the detected image itself, and fine-tunes the 
Z-stage 30 so that the contrast is maximized. 

The computer 40 performs measurement of each dimension from a detected 
image while translating the stage to a neighboring element after picking up the 
element image. FIG. 5 is a view showing the detected image 47 of the MR element 
3. An image signal 45 in the b-b direction of the part, namely, in the direction of the 
element height hMR, is shown in FIG. 8(a). If differentiation is performed on this 
signal, a differential waveform 46, is shown in FIG. 8(b), can be obtained. The 
height of the MR element hMR can be obtained by finding zero crossing positions hi 
and h2 of the differential waveform 46 and calculating hi-hi The track width Wt in 
FIG. 5 and the height of the resistance detector element Helg in FIG. 7 can be 
obtained similarly. 

FIG. 9 is a diagram showing an example of measurement of relative 
alignment error of the MR elements and the resistance detector elements on the 
basis of the straightness of the X-stage 28x, namely using its locus in a direction of 
scanning as a reference. From a detected image 81 on the left side in the figure, the 
distance Selg from a lower edge part 81a of the image 81 to an upper edge part 85a 
of the resistance detector element 85 is measured, and then the X-stage 28x is 
translated and an image 82 of the MR element 90 is detected. Similarly, the 
distance Smr, from a lower edge part 82a of the image 82 to an upper part 90a of 
the MR element 90 is measured, and then the X-stage 28x is again translated and 
an image 83 of the resistance detector element 86 is detected. Similarly, the 
distance SELG from a lower edge part 83a of the image 83 to an upper part 86a of 
the resistance detector element 86 is measured. 

The computer 40 repeats the above-described measurement for the MR 
elements of one row bar. That is, in this measurement, the lower edge of the 
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detected image is used as a reference and the distance from the lower edge to an 
upper edge of each element is taken as an alignment measured value. 

FIG. 10 is a diagram showing results of measurement of the heights of the 
MR elements hMR and those of the resistance detector elements heLc for the row bar 
20 on the wafer 1 shown in FIG. 1 . Solid circles 8a represent the heights of the MR 
elements hMR and solid squares 9a represent the heights of the resistance detector 
elements heLc- A broken line 10a represents a design value of 4.7 pm and the figure 
indicates that measured values for each of the elements exceed the design value, 
respectively. Further, two large wave undulations for the heights of the MR 
elements hMR are considered to be caused by illuminance unevenness in the 
exposure equipment. 

FIG. 1 1 is a diagram showing results of measurement of alignment of the MR 
elements and the resistance detector elements for the row bar 2a on the wafer 1 
shown in FIG. 3. Solid circles 8b represent the alignment of the MR elements and 
solid squares 9b represent the alignment of the resistance detector elements. In the 
figure, an average value of the above-described alignment measured values of the 
resistance detector elements is set to be zero, as shown by a broken line 10b, and 
the relative values of the alignment measured values to the average value are 
plotted to show the alignment of the MR elements. Wave undulations recognized for 
both elements are considered to be caused by illuminance unevenness and image 
distortion in the exposure equipment. 

In the present embodiment, measurement results shown in FIG. 10 and FIG. 
1 1 , the variation in dimensions of the elements in an exposure area or over the 
whole wafer, or two dimensional distribution of alignment error can be displayed on a 
display 41 . When the variation in dimensions or alignment error exceeds a 
prescribed value, the following measures can be taken: a row bar or wafer of 
concern is stopped during the processing so as not to flow into the next process; and 
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maintenance instructions are issued for the exposure equipment, a resist coater, film 
deposition equipment, or the like, which are all used for element formation, in order 
to detect a nonconformity at its early stage, to modify process parameters to reduce 
illuminance unevenness, or to fine-tune the film thickness. By taking such 
measures, it is possible to apply the measurement results obtained in managing and 
controlling the process. Also, measured data is stored in a memory 42, and 
therefore this data can also be utilized to monitor the variation in dimensions and the 
variation in alignment error over a long period. 

Hereupon, in the present embodiment, a combination of a mercury-xenon 
lamp and an interference filter with a center transmission wavelength of 248 nm is 
chosen to be the DUV light source. Alternatively, a fourth harmonic wave of a 
semiconductor laser pumped YAG laser, namely 266 nm light, or its fifth harmonic, 
namely 213 nm light, or its third harmonic, namely 355 nm light, may be used. 
Alternatively, an ArF excimer laser (wavelength 193 nm) and a KrF excimer laser 
(wavelength 248nm) may also be used. Also, the I line of a mercury lamp 
(wavelength 365 nm) may be used. 

Further, in the present embodiment, a scanning locus of the X stage 28x is 
persistently chosen to be a basis for measurement of element alignment. 
Alternatively, to further improve the accuracy of the measurement, it is also possible 
to constantly monitor the displacement of the stage with a laser length measuring 
machine, a capacitive sensor, etc., which is temperature controlled, and correct a 
reference position of detected images by that amount of displacement. 

Further, in case a laser length measuring machine is used, relative 
displacement between the measurement optical system 101 and the wafer 1 can be 
monitored constantly by mounting both a measurement mirror on a vacuum chuck 
and a reference mirror on the objective lens 26, and, hence, higher-precision 
measurement of alignment can be implemented. Furthermore, it is also possible to 
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measure the straightness profile of the X-stage 28x beforehand and, based on the 
measured data, correct the measured images. 

As described in the foregoing, measurement of various dimensions of the MR 
element, whose track width Wt is 0.5 pm or less, and the resistance detector 
elements, as well as alignment error among these elements, can be performed even 
when the MR elements are covered with end face protection films, and, 
consequently, the condition of the element formation process can be in-process 
monitored. By virtue of this, it is possible to find problems in the process at an early 
stage, and modify the process parameters, so that the number of defective products 
is reduced and the yield is improved. In addition, in controlling the lapping weight in 
the lapping process, feedforward control lapping can also be realized, wherein the 
amount of weight is corrected based on measured data indicating dimensions and 
alignment. 

Next, a second embodiment according to the present invention will be 
described with reference to FIG. 12. FIG. 12 is a schematic block diagram showing 
a dimension/alignment measuring apparatus for MR and ELG according to a second 
embodiment of the present invention. 

This apparatus is composed of a measurement optical system 102, the 
automatic focusing system 201, the image signal processing and controlling system 
301 , and the stage system 401 . The main difference of the present embodiment 
from the first embodiment is that the measurement optical system 102 is constructed 
by mounting oblique illumination systems 60a and 60b for detecting an image 
(parallel to a plane of the figure) and oblique illumination systems 60c and 60d for 
detecting an image (normal to the plane, not shown in the figure) on the 
measurement optical system 101 of the first embodiment. Constructions and 
features of other components, that is, the automatic focusing system 201 , the image 
processing and controlling system 301 , and the stage system 401, are the same as 
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in the first embodiment and, therefore, a description of these components will be 
omitted. 

Each of the oblique illumination systems 60a, 60b, 60c, and 60d is composed 
of a fourth harmonic generator of a semiconductor laser-pumped YAG laser and a 
beam forming optical system. The oblique illumination systems 60a, 60b, 60c, and 
60d emit light beams 61a, 61b having a wavelength of 266 nm, (parallel to the plane 
of the figure) and light beams 61c, 61 d (normal to the plane, not shown in the 
figure), so as to illuminate the element area on the wafer 1 obliquely from above in 
four directions. For example, the end faces 3c and 3d in an element height direction 
of the MR element on the wafer 1 shown in FIG. 6(b) are illuminated obliquely from 
above by the oblique illumination systems 60c and 60d, and scattered light from the 
stepped regions is imaged onto the CCD solid image pickup element 38 through the 
DUV matching objective lens 26 and the DUV imaging lens 37. The subsequent 
processing is the same as in the first embodiment. 

According to the present embodiment, not only is it possible to attain the 
same effects as those of the first embodiment, but also an effect can be produced 
wherein high-precision measurement of dimensions and the alignment of the MR 
elements can be performed by detecting the scattered light from the stepped regions 
which are illuminated obliquely from above, even when the MR elements and the 
resistance detector elements come to have a pattern step whose height is of the 
order of 10 nm as a result of a trend toward reduction in thickness regarding these 
elements. By the way, the epi-illumination system is still utilized in detecting an 
alignment pattern for rotation adjustment of a wafer and in performing measurement 
of an element pattern having a relatively large step. Further, in the present 
embodiment, a scanning locus of the X stage 28x is persistently chosen to be a 
basis for measurement of element alignment. Alternatively, to further improve the 
accuracy of the measurement, it is also possible to monitor the displacement of the 
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stage with a laser length measuring machine, which is temperature controlled, and 
to correct a reference position of the detected images by that amount of 
displacement. 

Next, a third embodiment according to the present invention will be described 
with reference to FIG. 13 to FIG. 15. FIG. 13 is a schematic block diagram showing 
a dimension/alignment measuring apparatus for MR and ELG according to the third 
embodiment of the present invention. 

This apparatus is composed of a measurement optical system 103, a 
automatic focusing system 201, an image signal processing and controlling system 
301 , and a stage system 401 . The main difference of the present embodiment from 
the first embodiment is that the measurement system 103 is constructed as a phase 
difference detection system by adding a phase modulation element 62 for detecting 
a phase difference in a detected light path. The constructions and features of other 
components, that is, the automatic focusing system 201 , the image signal 
processing and controlling system 301, and the stage system 401 are the same as 
in the first embodiment, and, therefore, a description of these components will be 
omitted. 

Details of the measurement optical system 103 are schematically shown in 
FIG. 14(a). DUV light 64 having a wavelength of 248 nm emitted from the DUV light 
source 21 is collimated by the DUV matching relay lens 23 and the DUV matching 
objective lens 26 having a NA of 0.9 and made to epi-illuminate the element area on 
the wafer 1 . The beam splitter 24 is used for separating the illumination light and the 
detected light. A phase modulation element 62 is disposed at a focal position of the 
objective lens 26 on the image side. 

As shown in FIG. 15, the phase modulation element 62 has an area for 
transmitting DUV light 68 and a quarter wavelength plate 63 in the central part 
thereof. Of the light reflected from the element area on the wafer 1, directly 
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reflected light 69 from the whole portion of the element area is focused on a focal 
point on the image side through the DVD matching objective lens 26 and is 
transformed into light 67 with a phase retarded by a quarter wavelength, because 
the directly reflected light 69 passes through this quarter wavelength plate 63. 

On the other hand, as seen in FIG. 14(b), diffracted light components 65a and 
65b, which pass though the protection films 51a and 51b and then are diffracted by 
element stepped regions 3c and 3d, pass though the transmission area 68 of the 
phase modulation element 62. This transmitted light 66 interferes with the directly 
reflected light 67 from the whole portion of the element area with a phase retarded 
by a quarter wavelength, so that the contrast of a detected image of the element is 
enhanced through this interference effect. That is, the directly reflected light 67 from 
the whole portion of the element area, being used as reference light, is made to 
interfere with the diffracted light 65a and 65b from the element stepped region. An 
image of this interference light is picked up by a CCD solid image pickup element 
38. Processing after the image pickup by the CCD solid image pickup element is 
identical to that described in the first embodiment. 

According to the present embodiment, not only is it possible to attain the 
same effect as that of the first embodiment, but also a high-contrast image can be 
detected, and, thereby, high-precision measurement of the dimensions and 
alignment can be achieved because the phase difference at a minute step can be 
detected as a variation in strength of the interference light by the use of light 
interference even when there is a trend toward reduction in the thickness of the MR 
elements and the resistance detector elements, reaching a pattern step of the order 
of 1 0 nm. By the way, in the present embodiment, the scanning locus of the X stage 
28x is persistently chosen to be a basis for measurement of element alignment. 
Alternatively, to further improve the accuracy of the measurement, it is also possible 
to monitor the displacement of the stage with a laser length measuring machine and 
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to correct a reference position of detected images by that amount of displacement. 

Next, a fourth embodiment of the present invention will be described with 
reference to FIG. 16. FIG. 16 is a view showing a dimension/alignment 
measurement apparatus for MR and ELG according to the fourth embodiment of the 
present invention. 

This apparatus is composed of a measurement optical system 104, an 
automatic focusing system 201, an image signal processing and controlling system 
301 , and a stage control system 401 . The main difference of the present 
embodiment from the first embodiment is that the measurement optical system 104 
is constructed so as to form a Twyman-Green interferometer. The construction and 
functions of other components, that is, the automatic focusing-system 201 , the 
image signal processing and controlling system 301, and the stage control system 
401 , are much the same as in the first embodiment, and, therefore, a description of 
these components will be omitted. 

DUV light 22 having a wavelength of 248 nm emitted from the DUV light 
source 21 is collimated by the DUV matching relay lens 23 and the DUV matching 
objective lens 26 having an NA of 0.9, which epi-illuminates the element area on the 
wafer 1 . At the same time, the light 70 passing through the beam splitter 24 is 
collimated by the DUV matching lens 26' and is made to illuminate the reference 
mirror 71, The reflected light from the element area on the wafer 1 and the reflected 
light from the reference mirror 71 retrace identical light paths and are combined to 
interfere with each other. This interference light 73 is imaged onto a CCD solid 
pickup element 38 through the DUV imaging lens 37. The subsequent processing is 
the same as in the first embodiment. 

Also, in the present embodiment, the phase difference generated at the 
element stepped region is transformed into a variation in the strength of the 
interference light, and, thereby, a high-contrast image can be detected as is the 
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case of the third embodiment. The angle of elevation and the direction of the optical 
axis of the reference mirror 71 are fine-tuned by driving an actuator 72 in response 
to a signal from the computer 40 so as to optimize the interference effect, and, 
hence, to obtain a high-contrast interference image. 

In the present embodiment, the DUV light source is chosen to be a 
combination of a mercury-xenon lamp and an interference filter having a 
transmission center wavelength of 248 nm. Alternatively, a fourth harmonic of a 
semiconductor laser-pumped YAG laser, namely 248 nm light, may be used. By the 
way, in the present embodiment, a scanning locus of the X stage 28x is persistently 
chosen to be a basis for measurement of element alignment. Alternatively, to further 
improve the accuracy of the measurement, it is also possible to monitor the 
displacement of the stage with a laser length measuring machine and to correct a 
reference position of detected images by that amount of displacement. 

According to the present embodiment, not only is it possible to attain the 
same effect as the first embodiment can be attained, but also a high-contrast image 
can be detected, and, thereby, high-precision measurement of dimensions and 
alignment can be achieved because a phase difference at a minute step can be 
detected as a variation in the strength of the interference light by means of light 
interference, even when there is a steady trend toward reduction in the thickness of 
the MR element and the resistance detector element, reaching a pattern step in the 
order of 10 nm, as in the cases of the second and third embodiments. 

Also, the DUV light is not required to be monochromatic light, but may be 
white light having a certain width of wavelengths instead. In such a case, sharp 
interference fringes can be obtained by adjusting the reference mirror 71 along the 
direction of the optical axis so that the optical path length from the beam splitter 24 
to the wafer 1 and from the beam splitter 24 to the reference mirror 71 become 
identical with each other. By adjusting the Z-stage 30, sharp interference fringes of 
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the pattern can be obtained both for a top part and for a bottom part. The step 
position in the pattern can be found from change points of the interference fringes. 
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Furthermore, in the four embodiments described above, the elements to be 
measured are all MR elements. However, elements to be measured according to 
the present inventions should not be limited to these elements; and, it goes without 
saying that the present invention also can be applicable to GMR (giant 
magneto-resistive) elements. Moreover, the present invention is not limited only to 
thin film-magnetic heads because of its fundamental configuration, but can be also 
applicable to measurement of dimensions and alignment of plural semiconductor 
element patterns, and also to measurement of the accuracy of superposition of 
patterns in exposing a substrate. 

As described in the foregoing, according to the present invention, the 
following effects are obtained: (1) an effect that high-precision measurement of a 
minute MR element having a track width Wt of 0.5 pm or less and a resistance 
detector element can be performed to determine their various dimensions and any 
alignment error even when end face protection films are provided; and (2) an effect 
that a situation in the element formation process can be in-process monitored. Also, 
an effect is achieved in that occurrence of defective elements can be reduced, and, 
hence, the yield can be improved through early detection of a process nonconformity 
and subsequent modification of process parameters which are realized by the 
above-described effects. Also, an effect is attained that a feedforward control 
lapping can be realized wherein a lapping weight is corrected based on measured 
data of dimensions and alignment in controlling the lapping weight in the lapping 
process. 
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Abstract of the Disclosure 

A method of measuring a variation in dimensions and a deviation in position 
of a resistance detector element and a MR element that may become error factors in 
an in-process measuring method for measuring the height of the MR element, 
wherein the resistance of the resistance detector element is measured during a 
lapping process and converted to the height of the MR element. A high numerical 
aperture optical system employing DUV light having a wavelength of 200 nm is 
combined with a stage system with an effective straightness of the order of 10 nm, 
and, further, a high-precision automatic focusing system which can match both DUV 
light and a high numerical aperture application is used together with the 
above-mentioned combination. By adopting this configuration, measurement of an 
image with high precision, high stability, and high resolution can be implemented, 
and measurement of MR elements covered with end face protection films and 
resistance detector elements can be performed to determine their dimensions and 
alignment error with a high degree of accuracy. 
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Title of The Invention 

METHOD FOR MEASURING DIMENSIONS AND ALIGNMENT OF 
THIN FILM MAGNETIC HEAD AND APPARATUS THEREFOR 
Background of The Invention 
5 The prese^ invention relates to a method j^o^^j 'measuring^ 

dimensions and^alignment of a thin film magnetic head^ which 
comprises a magnetic induction type conversion element or a 
magnetoresistance effect element^ which is formed on a 
substrate by a lamination process, andy^^ a dimension and 
10 alignment measuring apparatus^ more , specif ically, relates to a 
method goi^jineasuring^ dimensions and^ alignment of (the)^ 
magnetoresistance effect element with a high degree of 
accuracy, and an apparatus *fof-jthe ^am^, ^ 

Lately^ in magne^c disk apparatuses, th^e (Is ^i^isteady 
15 trend (of^reduction in/,size and enlargement iny^ capacityy^an^^ 

currently, small size magnetic disk apparatuses equipped with a 
3. 5 inch or 2. 5 inch disk^[are the) mainstreairy. In such small 
size magnetic disk apparatuses, since the rotation spaed of 
the disk is relatively low, ^ decrease in/ reproduced output Tis]! a 
20 great concern [regarding]; a magnetic induction type head whose 
reproduced output is dependent on the disk speed. 

[On the contraryjj^to this, a magnetoresistance effect type 
head (hereinafter referred to asj^ MR head : MR = 
magneto-resistive) that employs a magnetoresistance effect 
25 element (hereinafter referred to as/ MR element) whose / 

resistance varies^^J^ accordance with ^h%change |6f a'^magnetic 
field (reproduce^^output that is not dependent on the speed of 
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the disk, and^ hence ^ can [Ravejj^high reproduced output even in 
the case of a small size magnetic disk apparatus. 

Besxdes, sxnce the MR heads can deliverjj higher reproduced 
output compared to magnetic induction type magnetic heads ^even 
5 when applied to narrower tracks, which is accompanied by a 
higher-density storage conf igirrati^, the MR heads are 
considered to be£^ suitable^jmagnetic rierad fo^ the trend toward 
miniaturization and mass storage in the magnetic media. 

By the way, since an MR head detects {the)i change ^£)/\the 
10 resistance value caused by [the]j| change (of)^ the magnetic field, 
an MR head that uses an MR element exposed in a plane of a 



magnetic head slider [opposin^lto the disk (hereinafter 

CN ^ C\ 

referred to^floating surface) hasj^ larger reproduction 
efficiency. In such an MR headj whose MR element is exposed in 

15 the floating plane thereof, part of the MR element is 

processed (lapped and polished, here.inafter referred to only/ 
^lap'^^for simplicity) so as to ex^^e^ in the floating plane in 
processing the floating plane. [A|(dimension in a direction 
normal to the floating plane of the MR element is called the 

2 0 height of the MR element (hj^) , which is controlled so as to be 
within a prescribed value by controlling the amount of lapping 
in a lapping process. 

. In the i|MR head, the reproduced output changes depending 
on(|^ts^ heightj, and^hence^^a problem that the reproduced output 

2 5 varies or the reproduced output cannot reach ^he^^rescribed 
level may occur if the heights of the MR elements vary. 

^-Theref ore^ to prevent ^he}j[variation in/r^produced output 
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of the MR head and also to attain a high yielc^, it is 
necessary to control the heights of the MR elements with a 
high degree of accuracy in the lapping process. For example, 
in the case of a surface recording density of 4 Gbit/inch, 
5 presumably the accuracy of the height of the MR element is 
required to be^±0.2 gm Jor s^;j(in the case of [the)/ surf ace 
recording density of 10 Gbit/inch^, the accuracy is required to 
be^±0.15 gm |or s^. 

In order to control the heights of the MR elements with a 
10 high degree of accuracy in the lapping process, it is 



important to measure the height:^ of the MR elements accurately 

MR 



during the^^^lapping . Presently design height of (the| 



element isj^O.S to 3 gm ^r s^. ^nce an induction type head 
for writing data is formed on [a^top of the MR element, it is 
15 difficult to [Ineasurej directly^ the height of the MR element 
with optical means. 

With this^ view, fas^ Japanese Patent Laid-open Publication 
Nos. 63-34713 and 2-29913^a method ^ proposed) wherein the 
height of the MR element (or the amount of lapping in the 
2 0 lapping process) is measured indirectly by a method wherein a 
^ensurativ^AmarJcer is formed in an element formation process 
and I the marker fis measured witfi)Aoptical means. However, this 
method can hardly be applied to in-process^^ensuration in[ the 
lapping process. 

2 5 / Now, a method is proposed as a feasible method to perform 

in-process ^ensuratio^JI wherein the resistance value of the MR 
element is measured and then the value is converted to the 
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height of the MR element. This method can be implemented by 
two techniques: one is/7 cis is) described in Japanese Patent 
Laid-open Publication No. 5-46945 , j| to (measure^ directly/^ the 
resistance value of the MR element itself and convert the 
5 value to the height of the MR element; and the other isJ7 as is^ 
described in Japanese Patent Laid-open Publication No. 
63-191570, j|to measure the resistance of an element 
(hereinafter referred to as resistance detector element (ELG 
element; ELG= Electric Lapping Guide)) that is formed 

10 separately from the MR element and^ calculate the height of the 
MR element from the resistance value. . 

Of these methods, the former meth<^^^or/ measuring 
^rectly^ the resistance of the MR element^,^ the following 
problems [have been pointed out). 

15 (1) The MR element is formed using a thin film 

technology whose typicaL techniques are sputtering, exposure, 
ion-milling, ^tc. |DimensionaI)j| accuracy attainable through 
this process is^ ± 0.2 /Lxm |or s^. On the other hand, the width 
of the MR element (i.e. track width) is as narrow as 0.8 to 

20 2.0 fim, and ^ therefore^ [thej variation in the resistance value of 
the MR element occurs due to ^he)^ variation in the track width. 

(2) In forming an MR film by sputtering, there occurs 
^he^i variation in its thickness depending/\its position /lirl/a 
wafer, namelyy\a center part or an edge part, and the variation 

25 in the thickness in the wafer becomes a factor [of)j^the 

variation in the resistance value of individual MR elements. 
Especially^j in recent years, the film thickness of the MR 



15 



20 



elementj^ (becomes) thinner, and J[ the unevenness of the film 
thickness tends to increasej^ and asN^J^a result^ the variation in 
the resistance value also increases. 



c 

^That is, a real MR element suffers [the)) variation in the 

<\ 

5 resistance value due to ^he)j(variation in the track width and 
^h^j^ unevenness (of)j^the film thickness. This variation in the 
resistance value causes an error in measuring the height of 
the MR element, hence becoming one of /factors responsible for 
deterioration of the accuracy of the measurement. 
10 ^n the contrary)j^to this, the latter method for performing 

in-process measurement by measuring the resistance value and 
converting the value to the height of the MR element has the 
following merits. 

. (1) In a resistance detector element, the track width can 
be^ larger (10 to 500 gm) arbitrarily, and^ therefore^ its 
resistance value hardly varies at all ^ even when the track 
width varies by ±0.2 /Lim^for s^. Therefore, the variation in 
the track width has only a little effect on the resistance 
value . 

(2) In aj;] resistance detector element, it is possible to 
cancel out the unevenness of the film thickness in calculating 
the height of the MR element ^o^^^j^he resistance value of the 
resistance detector element by the use of a reference pattern 
element (reference resistance) . 

of 

25 As described in the foregoing, the method (for^ performing 

» [mensuration] of the height of the MR element by the use^ of £h^.^ 
resistance detector element enables in-process^^^ensuration) of 



the height of the MR element with a high degree of accuracy 

because the effect of both the variation in the track width 

and the unevenness of the film thickness can be reduced. 

However, this method involves the following problems. 

5 Both the resistance detector element and the MR element 

are formed by a thin film process whose typical^^ecnniques) are 

sputtering, exposure, ion-milling, etc. In an exposure 

process, however ,\|Jwhen there |are thejn unevenness (o^f a]^resist 

film thickness and [the)^ illuminance unevenness, ^here occursl 

10 ^he))( variation in^exposure j and hence Ttne^y variation in 

dimension!. Further, in some cases, when there is image 
^ Hjij} 

distortion in (an)jl exposure equipment, y\ alignment error ^f^the 

(\ 

element ^tcjj occurs.. In the method using jthe)^ resistance 



detector element, [a)|real height of the MR element is not 
15 directly measured^ and it is assumed as a major premise that 

the resistance detector element and the MR element are formed 

in conformity to design dimensions and design alignment. 

Accordingly, if the dimensions of the resistance detector 

element and the MR element vary^ as described above * or there 
20 occurs^misalignment in these elements, (thes^ variation and 

misalignment all give rise to measurement errors^and. finally^ 

^h^/\ variation in the height of the MR element j in the lapping 

process. 

Summary of The Invention u fl 

25 (The)(object of the present inventioiV; inl^a method (for) <Y 

in-process ^asurin^j|the height of/(the')MR element^ wherein the 
resistance value of ^h^^resistance detector element is 
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measured [in^ the lapping process* and tKe^ value is converted to 
the heiglrt^f the MR elementQ^isy^to prov^^ [botl^ a method ]for/<y 
measuring/the variation in dimensions andj misalignment of the 
MR element and the resistance element, which become error i ^ jL 

5 factors, and an apparatus forj^the method ^s well as]y|a method ^^^^^^r-^^ 
^orj^monitoring a MR element f ormati^og^^^grocess by^j|sing "^le 
above-described method and apparatus, j^jfinding] ayi^ process 
(troublS, and modifying parameters of film deposition equipment 
and exposure equipment^. ' r a 

10 To achieve the above-described^rab jeo^, the method [for) *^ 

measuring the dimensions and alignment of ^he^thin film 
magnetic head according to the present invention [Ts a method] 
^erein thej^magnetoresistance effect element and ^he~^<^ 
resistance detector element for monitoring the lapping, both 

15 of which are formed on a substrat^^y\are illuminated with light 
emitted from a light source whose wavelengthy\^ th"^ 3 00 nm or 
less, preferably [in the)^200 nm|^ anjj^image is formed by imaging 
reflected light from the af oresaid^[elemen^, the ^aforesaidj 
image is converted to an image signal through photoconversion , 

2 0 and geometrical information of the above-described 

magnetoresistance effect element and the above-described 
resistance detector element for monitoring the lapping is 
detected from the aforesaid image signal. 

Further, in^the present invention, the above-described light 
25 is prescribed to be lightyj^f) a wavelength of 248 nm, or ^at} 
of 2 66 nm, or ^hatj of 2\2 nm. 

Moreover, inji^the present invention, the above-described 
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geometrical information includes/) dimensions of the element or^ 
alignment error^^of^^th^^ . 

Furthermore, in^the present invention, the above- 
described magnetoresistance effect element and the 
5 r.labove-described resistance element for monitorijig the lapping^ 
have a structure wherein the (element is covers)j|with end face 
protection films. ^ 
(^Also, to achieve the above-describec^[objec^, the method for 
measuringji dimensions and alignment of \th^j|thin film magnetic 

10 head according to the invention ^s a method wherein the} / 

magnetoresistance effect element and ^h^jjresistance detector 
element for monitoring the lapping,, both of which are formed 
on a substrat^^* are illuminated with light emitted from a 
light source whose wavelength fin th^A3 0 0 nm or less, 

15 pref erably^^ein^ in they|200 nm^ reflected^^ light from the 
jj^lelemenC^ is made to interfere with reference light, 

interference light thus formed (i.e. a combination of the 
diffracted light and the reference light) is imaged to form an 
image, this image is converted to an image signal through 

2 0 photoconversion, and geometrical information of the 

magnetoresistance effect element and the resistance detector 
element for monitoring the lapping ^re^detected from this 
image signal. j ^ 

Also, to achieve the above-describec^pbjec^, the 

2 5 apparatus for measuring dimensions and alignment of the thin 
film magnetic head according to the invention comprises a 
light source ; 
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{^^^ illuminating means for illuminating the magnetoresistance 
effect element and the resistance detector element for 
monitoring the lapping, both of which are formed on a 
substrate, with light emitted from a light source whose 
wavelength [In the^300 nm or less, preferably [be ing^ in the^200 
nm; 

imaging means for imaging reflected light from this 
element ; 




image |pickin^up means for converting the image obtained 
10 by this imaging means to an image signal; and 

'\ geometrical information detecting means for detecting 
^eir) geometrical information of the magnetoresistance effect 
element and the resistance detector element for monitoring the 
lapping • . f. 

15 Also, to achieve -^^e above-describec^^objec^, the 

apparatus for measuring/dimensions and alignment of the thin 
film magnetic head according to the invention comprise^T) > 
^ a light source; 



^ illuminating means for illuminating the magnetoresistance 
20 effect element and the resistance detector element for 

monitoring the lapping, which are both formed on a substrate, 
with light whose wavelengt:h is [In the) 300 nm or less, 
pref erably^(beingj in the |2 o'o nm;^ -^---^ 

-interfering means for making reflected light from the 
25 element interfere with reference light; ""^ ^^^ 

^imaging-means for imaging the interference light; 
>icl^inglAi 



image ^icl<jing]^up means for converting an image obtained 



by this imaging means to an image signal; and 



^^^eometrical information detecting means for detecting 
(their^ geometrical information of the magnetoresistance effect 
element and the resistance detector element for monitoring the 
5 lapping. 

Brief Description of The Drawings 

FIG. 1 is a^[view) showing [a situation of^^f ormation o:^ ^^^/\ 
bars on a wafer. , 

[fig. 2 is a view]fishowing a j^ituation of] formation of the 
10 MR elements and the resistance detector elements on the row 
bar^ as well as a^^^^L^^ping process thereof. 

FIG. 3 is a| diagram showing a constitution of a 
dimension/ alignment measuring apparatus for MR and ELG (an 
apparatus for measuring dimensions and alignment of the MR 
15 element and the resistance detector element) according to a 
first embodiment of the present invention. 

FIG. 4 is a graph showing a characteristic of spectral 
transmittance of a dichroic mirror. 

FIG. 5 is ayjview showing the MR element to be measured 
2 0 and its electrode part. .q 

p(65. (^(^) 6(b) ^^A^ .^CL-^wM yj-'xJUy^r-K} 

|FIG. 6 is a view showing a^cross-sectional/structure) of 



s /2JUUy\ ^oL(rvvflj jLu^ <i^-CK. b - b ^ A^c^s-^jx^-t^^uC^jJ^ 

ilementj. * ' ' 



the MR element^. 

FIG. 7 is a (yiewjj^showing the resistance detector element 
to be measured and its electrode part. 
2 5 (fig. 8 is a diagram]j^showing an image signal along a 

height direction of the MR element and its differential 
waveform. 
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FIG. 9 is a diagram showing an example of^^ensurationj of 
relative alignment error of the MR element and that of the 
resistance detector element. 

FIG. 10 is a diagram showing results of measurement of 
5 the height of the MR element and that of the resistance 
detector element for a row bar on a wafer. 

FIG. 11 is a diagram showing results of measurement of 
alignment of the MR elements and that of the resistance 
detector elements. . a 

10 FIG. 12 is a schematic^ diagram showing ^ constitution of] 

a dimension/ alignment measuring apparatus for MR and ELG 
according to a second embodiment of the present invention. 

FIG. 13 is a schematicj^ diagram showing a constitution of 
a dimension/ alignment measuring apparatus for MR and ELG 
15 according to a third embodiment of the present invention. 

FIG. 14^ is a schematic diagram showing details of a 
measurement optical system according to the third embodiment 
of the present invention, a f\ \ \ 

FIG. 15 is a [schematicj diagram showing a phase modulation 
2 0 element according to the third embodiment of the present 
invention. 

FIG. 16 is a schematicj^ diagram showing |a. constitution o^ 
a dimension/alignmei^^easuring apparatus for MR and ELG 
according to a (fortt^^ embodiment of the present invention. 
2 5 Description of The Preferred Embodiments 

Hereafter, /^embodiments according to the present invention 
^re^described with reference to the drawings. 
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First, prior to description of /embodiments according to 
the present invention, sources that cause [the) variation in 
dimensions of the MR element (In)^the lapping process will be 
described. 

5 FIG. 1 (and FIG. 2 arelia view showing the /format ioni 

process t)f A th^ MR elements and the resistance detector 

elements and^^ vievQshowing the lapping process (o^ these 
r . 

elements, respective!^. As ^hown in FIG. 2j, a plurality of 
^he\ MR elements 3 and JtheJ^ resistance detector elements 4, 

10 which are located [at the bothjj^side of each MR element so that 
the MR elements are| placed) therebetween, are formed in a band 
by a thin film process whose typical techniques are 
sputtering, exposure, ion-milling, etc. A plurality of the 
elements^ formed {ls)^separated from a wafer 1, being cut off in 

15 a band. This band is called a row bar 2. Within one row bar 

2, for example, 3 0 pieces of (the) MR elements 3 and 31 pieces 

of [the) resistance det^e^tor elements 4 arej|^orme^. In (an'^.^M 

example shown in FIG. 1 , ;^f our^l^ieces of thej row bars 2 
. jLs.^ c\nr>^ Ca-^^ cj( 

[com^rises]^one uriit Uj and each^ elements are formed by gang 

2 0 exposure (exposed as a group) . 

As shown in FIG. ^ lapping a cut-off row bar 2 

from the direction of [ai^Jl arrow indicated in the figure, 30 
pieces of [the] MR elements 3 are gang lapped so that the MR 
elements 3 are exposed in the floating plane 80 and all MR 

25 elements 3 are controlled to have the^height h^,,I^j^fcf a 

prescribed dimensionj^ and further th^ floating plane 80 is 
processed [ii^jta prescribed shape with a prescribed roughness - 
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Here , since^ reproduced output varies depending on the 
height h^^, of the MR element, if the heights of the MR 
elements^Jvarie^, there occurs a problem (\ that the reproduced 
output varies or |that\ a prescribed reproduced output cannot be 
5 attained, [Tience^ the MR element [becoming ajdef ective . 

Therefore, in order to suppress the variation in reproduced 
output of the MR element and also to attain a high yield, it 
is necessary to measure the height of the MR elemental R i ir?)^i>*^^^^ 
the lapping process and control the amount of lapping with a 

10 high degree of accuracy for all MR elements. 

In order to implement this requirement, ^resistance 
detector elements (ELG) 4 usedj that are formed in the 

vicinity of the MR elements 3 by an identical process. That 
is, ^in ^he) FIG. 2(a) , current is supplied from an electrode 5 

15 of each resistance detector element 4, the change of the 

resistance value by lapping is measured for each resistance 
detector element, the height of the MR element hj^R^is 
calculated from the resistance value, and then the row bar 2 
is bent(^nd ^j^lapping weight is controlled^ as is shown in FIG. 

20 2 (b)^ SO that the resistance values, namely^ th^^eights of the 
MR elements 1:^11?)^^ become uniform^ and^hencej^f^jalignment curve 7 
defined by each position 6 of each resistance detector element 
4 becomes a straight line. 

The major premise underlying this method is that 

25 dimensional error and alignment error among the MR elements 3, 
dimensional error and alignment error among the resistance 
detector elements 4, and dimensional error and alignment error 
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among both |of) the MR elements 3 and the resistance detector 
elements 4 are all within about one tenth of a target 
dimensional accuracy (for example ± 0,2-:^^0.15 fsm) , namely 
within about 2 0 to 15 nm • 

The resistance detector elements 4 and the MR elements 3 
are formed by an identical process^ including techniques such 
as sputtering, exposure, ion-milling, etc. using an identical 
exposure mask. In case, for example, ^here are] image 
distortion and/or illuminance unevennessyi in {a)^ exposure 
equipment or unevennessjj iny resist coating etc. in the exposure 
process, the MR elements 3 become out of alignment^ to the 
alignment curve 7 defined by the resistance detector elements 
4^as shown in FIG. 2 (a) , or dimensional error of the element 
height amo^ig^ the MR elements 3 or the resistance detector 
15 elements 4j( occur as shown in the same figure. 

If lapping is performed in this situation so that the 
resistance values of resistance detector elements 4 become 
uniform, as is shown in FIG. 2(b) , by bending the row bar and 
adjusting the lapping weight (so that the alignment curve 7 
2 0 becomes a straight line) , the heights of the MR elements 3 
vary largely after lapping^ as is shown in FIG. 2(c). 

In view of this, the present ii^^^ijion intends to monitor 
the MR element format io^process , ^ind^^nonconfo^ity in its 
early stage, and modify^ process parameters byy^ measuring 
2 5 (directl^ the variation in dimensions of the MR elements and 
that of the resistance detector elements, which are error 
factors in the above-described lapping method, and alignment 
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error of (the) both elements just after the MR elements 3 and 
the resistance detector elements 4 are formed on the wafer 1, 
Hereinafter, embodiments according to the present invention 
will be described in detail with reference to FIG. 3 to FIG. 
5 16. . 

|First , aji f irst embodiment according to the present 
invention will be described with reference to FIG. 3 to FIG. 
11. 

FIG, 5 is a view showing the MR element 3 to be measured 
10 and electrodes 49a and 49b located at both sides of the MR 
elements 3. FIG. 6(a) i^ a viewifshowings a structure of7 a 
cross section taken alongj( a-a in FIG. 5; FIG. 6(b) is a view 
^howings a structure ofjj^a cross section taken along^ b-b in 
FIG. 5. Further, FIG. 7 is a view showing the resistance 
detector element 4^ which is another component to be measured^ 
and its electrode part 5. 

When the surface recording density exceeds 10 Gbit/inch^,/ 
narrowing of the track width [going furthe^, the track width 
of the MR element 3 shown in FIG. 5 decreases to 0.5 ^m or 
20 lessjand it is expected that the precision of the element 
height h„R is required to be about ±0,15 /Lim [or so). 

Based on a principle of the above-described lapping 
method, in order to ensure this accuracy, it is necessary to 
control the accuracy of the height Yi^^, the track width of 
2 5 the MR element in FIG. 5, the height "^0% the resistance^ J 



detector element 4 ^HEL^,^^|yin FIG. 7, andy^alsc^ alignitient error 



among the MR elements , ^alignment error among the resistance 
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detector elements, and relative alignment error b^ween both 
elements to be within ±0.15 or so. Therefore measurement 
accuracy that is required of the present invention is (the) one 
which enables measurement of the variation in dimensions and 
5 alignment error within this value, ±0.15 Aim or so. 

Hereupon, in case normal visible light, for example light 
of a wavelength of 0.5 Min or so, is employed, provided that /a) 

^ A. 

numerical aperture (NA) of an optical system is 0.9, the 

theoretical resolution is calculated to be approximately 0.34 
- 10 ^ iJ^ra (i. e. 0.61 x wavelength/NA)^ and^ hence^ the above-described 

track width W^^O . 5 |xm reaches almost the resolution limit. It 

is extremely difficult to measure^ with a high degree of 

accuracy, the height of the MR element h^R and the height of the 

resistance detector element hgL^. which have ptheL variation of 
15 ±0.15 Aim, I needless to say^ to measure the track width Wt 

accurately, from images whose feature sizes are in the 

vicinity of such resolution limit. Measuring the variation in 

dimensions and^ alignment error 



^of ±0.15 fjLm requires almost the same resolution in 
2 0 ^-measurement. 

By the way, as shown in FIG. 6(a), ^end faces 3a and 3b of 
the MR element 3^ in a direction ^ofy^ electrodes are covered with 
electrodes 49a and 49b, (making)/ a construction wherein the end 
faces 3a and 3bj|^oj noty\^3iposej to the atmo^heric air ^s it i^. 
25 On the other hand, as shown in FIG. 6(b),;end faces 3c and 3d 
of the MR element in a direction of the height h^R are 
generally covered with transparent ceramic thin films 51a and 
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51b having a thickness of tens of manometers^ which serve as 
end face protection films ^ because otherwise the end faces 3c 
and 3d in situ are exposed to the atmospheric air and /likely 
to suffer corrosion. 

In FIG. S, broken lines 50a and 50b show boundaries of 
these transparent end face protection films. If, for example, 
SEM (Scanning Electron Microscope) or^ AFM (Atomic Force 
Microscope) are obtain the above-described resolution 

of 0.15 Atm or so,ldetected signal obtainable fis the one that^ 
catches only^ surface profile of the end face protection film 
and cannot catch| underlying end faces 3c and 3d. 

In view of suchyvrestriction given by the target to be 
measured, the present invention has been created. FIG. 3 is a 
diagram showing |a, constitution of) a dimension and alignment 
15 measurement apparatus for the MR elements and resistance 
detector elements according to the present invention 
(hereinafter [abbreviated as^a dimension/alignment measurement 
apparatus for MR and ELG) . 

This apparatus is composed of a measurement optical 
20 system 101, an automatic focusing system 201, an image signal 
processing and controlling system 301, and a stage system 4 01. 

A major featiire qf this apparatus is that DUV (Deep 
Ultraviolet) light [pf)^a wavelength of 248 nm and a DUV 
matching objective lens with a NA of 0 . 9 are employed to 
2 5 detect an element pattern for the purpose of implementing 
image ^ensurationj^through the medium of the end face 
protection films described above and enabling measurement of 
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the variation in dimensions and alignment error of ±0.15 fim or 
so. In this case, the theoretical resolution becomes 0.17 yum, 
and the variation in dimensions of the height of the MR 
element h„R, and that of the resistance detector element Helg/ 
5 both of which^^ein^ ±0.15 ^im or so, as well as the above 

described track width Wt of 0.5 /itm or so, can be measured and 
^ensuratio]^ of alignment error of the MR elements and the 
resistance detector elements can also be performed. 

The stage system 401 is composed of high-precision 
10 X-stage 28x and Y-stage 28y whose straightness is 10 nm or so 

in the range of the length of jth^frow bar, for example^ 50 mm, ^ 

G stage 29, and a high-precision Z-stage 30 whose straightness 
is 10 nm or so in the range of its stroke of 50 fim. A wafer 1 
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is mounted on a vacuum chuck (not shown^n the figure) on the 
Z-stage 30. After a row bar is^^^ounted,^ 0 stage 2 9 is 
rotationally adjusted so that [a)ydirection of the row bar 
(being parallel to the plane of the figure) is parallel to a 
scanning direction of the X-stage 28x (being parallel to the 
plane of the figure) . 
2 0 In the measurement optical system 101, an element area on 

the wafer 1 is epi-illuminated with DUV light 22 [of]A^ 
wavelength of 243 nm emitted from the DUV light source 21 
through a DUV matching relay lens 2 3 and a DUV matching 
objective lens 25 with a NA of 0.9. By the way, a beam 
25 splitter 24 isj^for separating illumination light and detected 
light, and a dichroic mirror 2 5 is^for separating the DUV 
light 22 and laser light 33[of^a wavelength of 750 nm for 
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automatic focusing. Reflected light from the element area on 
the wafer 1 is imaged onto a CCD solid image pickup element 3 8 
through the DUV matching objective lens 2 6 and DUV imaging 
lens 37. The pixel size of the CCD solid image pickup element 
38 is chosen to be about 20 nm on the wafer j considering that 
^iensuration]|jpf dimensions and alignment are to be performed 
with the accuracy of ±0.15 )Ltm or so. In the image signal 
processing and controlling system 301, an image signal from 
the CCD solid image pickup element 38 is converted tojl digital 
signal withj([a) AD convert^ 3 9 and^ then fed into a computer 40. 
The computer 4 0 ^ontroTjj the X-stage 28x and the Y-stage 28y in 
a step-and-repeat scanning manner through a stage driver 31 
based on the design ^lignmen§j data of the MR element and the 
resistance detector element which are stored in a memory 4 3 
15 beforehand. Along the row bar (area of the row bar on the 

wafer 1) as shown in FIG. 2j^, the computer 40 repeats cycle : 
translating the X-stage 28x - halting - picking up an image of 
the MR element translating - halting picking up an image of 
the resistance detector .element ^ translating halting - 

20 When^picking up/images is completed for all elements 

wi^iin one row bar, the computer 4 0 makes the Y-stage 2 8y move 
^i^/^a position of another row bar and makes the X-stage 28x 
translate to perform ^h^ /measurement and repeats it. 

The depth of focus for the measurement optical system 101 
25 is calculated to be ±0.15 jiim based on the wavelength of 248 nm 
and the NA of 0.9 of the DUV matching objective lens 26, and. 



theref 



orej it is (dispensable) J^to perform high-precision focusing 
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in picking up images. 

In view of this, the automatic focusing system 2 01 
performs this focusing in^^^^the^ present embodiment. A 
collimated light beam 33 (pf^a wavelength of 780 nm emitted 
5 from a semiconductor laser 32 is reflected by the dichroic 

mirror 2 5Q andyi^made to enter a peripheral portion of a pupil 
of the DUV matching objective lens 26 (and thenj^to illuminate 
the wafer 1 obliquely from above. The reflected light enters 
the objective lens 26 obliquely, being transformed into a 
10 collimated light beam 48, and enters a two-division photodiode 
sensor 34 . 

The two-division photodiode sensor 34 comprises two 
photodetector parts 34a and 34b, whose output signals from 
both photodetector parts 34a and 34b are fed into a difference 
15 circuit 35, and a differential signal from the difference 
circuit 3 5 is sent to the computer 40. When an element 
pattern to be measured on the wafer 1 is in an in-focu^ 
condition to the CCD solid image pickup element 38, ja)j position 



of the sensor 34 is fine-tuned beforehand so that this 

20 differential signal is set to be zero. 

As shown in FIG. 3, when the stage height the height 
of an element pattern to be measured varies, (a)jjposition of the 
reflected light beam 48 from the wafer 1 changes, which causes/ 
output from the difference circuit 35 to increase or decrease. 

25 The Z-stage 30 is fine-tuned in response to a control signal 
from the computer 40^ so that this differential output is 
constantly maintained to be zero, andj^ thereby^ an in-focus 
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condition is held. 

FIG. 4 is a graph showing a characteristic of spectral 

transmittance of a dichroic mirror 25. TJie dichroic mirror 2 5 

transmits 90% or more of the DUV light (of^a wavelength of 248 

5 nm used for image ^ensuration|jj and also transmits 95% or so of 

the laser light used for automatic focusing. Further, this 

measurement optical system 101 is constructed using a 

— ^ double-telecentic optical system, which generatesysmaller 

magnification error in response to a small amount of shift in 

10 a focal position. By the way, an automatic focusing system 

may be a system which calculates the contrast of a pattern, fa) 

A 

detected image itself, and fine-tunes the Z-stage 3 0 so that 
the contrast is maximized. 

The computer 40 perf oj][i[|^(^ each dimension 

15 from a detected image [auring]j|translating the stage to a 

neighboring element after picking up the element image, ^he) 
Jabove-describe^ FIG. 5 is a view showing ^^^^ detected image 47 
of the MR element 3. An image signal 4 5 in [d)^ direction of the 
^-b)part, namely [ajj^direction of the element height h^R, is 

20 shown in FIG. 8(a). If (^an operation of) differentiation is 

performed on this signal, a differential waveform 4 6y(shown in 
FIG. 8(b)^can be obtained. The height of the MR element h^R 
can be obtained by finding zero crossing positions h^ and hs of 
the differential waveform 46 and calculating |hi-h2|. The track 

2 5 width Wt in FIG. 5 and the height of the resistance detector 
element Helg iri FIG. 7 can be obtained similarly. 

FIG. 9 is a diagram showing an example of jmensurationj^of 
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relative aligninent error of the MR elements and the resistance 
detector elements on the basis of the straightness of the 



as a reference. From a detected image 81 on the left side in 
the figure, the distance Selg from a lower edge part 81a of the 
image 81 to an upper edge part 85a of the resistance detector 
element 85 is measured, and then the X-stage 28x is translated 
and an image 82 of the MR element 90 is detected. Similarly, 
the distance S^r, from a lower edge part 82a of the image 82 to 
an upper part 90a of the MR element 90 is measured, and then 
the X-stage 28x is again translated and an image 83 of the 
resistance detector element 86 is detected. Similarly, the 
distance SELG from a lower edge part 83a of the image 83 to an 
upper part 86a of the resistance detector element 86 is 
measured. 

The computer 4 0 repeats the above-described measurement 
for the MR elements of one row bar. That is, in this 
measurement, the. lower edge of the detected image is used as a 



of each element is taken as an alignment measured value . 

FIG. 10 is a diagram showing results of measurement of 
the heights of the MR elements h^R and those of the resistance 
detector elements hgLc for the row bar 20 on the wafer 1 shown 
in FIG. 1. Solid circles 8a represent the heights of the MR 
elements h^^ and solid squares 9a represent the heights of the 
resistance detector elements hELc- A broken line 10a 
represents a design value of 4.7 jum and the figure indicates 




X-stage 28x, namely using its jTucus)yi 



In a direction of scanning 




from the lower edge to an upper edge 



that measured values for eachy elements exceed the design 
value, respectively. Further, two large wave undulations for 
the heights of the MR elements h„R are considered to be caused 
by illuminance unevenness in the exposure equipment. 
5 FIG. 11 is a diagram showing results of measurement of 

alignment of the MR elements and the resistance detector 
elements for the row bar 2a on the wafer 1 shown in FIG. 3 
|s^imilarl^» Solid circles 8b represent the alignment of the MR 
elements and solid squares 9b represent the alignment of the 

10 resistance detector elements. In the figure, an average value 
of the above-described alignment measured values of the 
resistance detector elements is set to be zero, as shown by a 
broken line 10b, and the relative values of the alignment 
measured values to the average value are plotted to show the 

15 alignment of the MR elements. Wave undulations recognized for 
both elements are considered to be caused by illuminance 
unevenness and image distortion in the exposure equipment. 

In the present embodiment, measurement results shown in 
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FIG. 10 and FIG. 11, the variation iir dimensions of the 
elements in an exposure area or jTn a^ whole wafer, or two 
dimensional distribution of alignment error can be displayed 
on a display 41. When the variation in dimensions or 
alignment error exceeds a prescribed value, the following 
(measure^j(can be taken: a row bar or wafer (ii^;^ concern is 
stoppedy([at the process] so as not to flow into [^^^xt process; 
and maintenance instructions are issued for (anj^exposure 
equipment, a resist coater, \a) f ilm deposition equipment, or 



23 



the like, which are all used for element formation, in order 
to ^ind)j|nonconf ormity at its early stage, to modify process . 
parameters to reduce illuminance unevenness, or to fine-tune;^ 
film thickness. By taking such measures, it is j^ubstantiallyj 
5 possible to apply the measurement results /in managing and 

controlling the process. Alsg^ measured data (arS^^ stored in a 
memory 42, and therefore [these) jjdata can also be utilized to 
monitor the variation in dimensions and the variation in 
alignment error [ii^ a long period. 

10 Hereupon, in the present embodiment, a combination of a 

mercury-xenon lamp and an interference filter with a center 
transmission wavelength of 248 nm is chosen to be the DUV 
light source. Alternatively, a fourth harmonic wave of a 
semiconductor laser pumped YAG laser, namely [the) 2 66 nm light, 

15 or its fifth harmonic, namely ^hej 213 nm light, or its third 

harmonic, namely 355 nm light^may be used. Alternatively, an 

ArF excimer laser (wavelength 19 3 nm) and a KrF excimer laser 
(wavelength 248nm) may also be used. Also, the I line of a 
mercury lamp (wavelength 3 65 nm) may be used. 

2 0 Further, in the present embodiment, a scanning ^cusjjof 

the X stage 28x is persistently chosen to be a basis for 
^ensurationjj of element alignment. Alternatively, to ^improve 
^rther) the accuracy of the measurement, it is also possible 
to |inonitor^ constantly^the displacement of the stage with a 

2 5 laser length measuring machine, a capacitive sensor, ^o^ etc.j 
which is temperature controlled^ and correct a reference 
position of detected images by that amount of displacement. 
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Further, in case ^he)j laser length measuring machine is 
used, relative displacement between the measurement optical 
system 101 and the wafer 1 can be monitored constantly by 
mounting both a measurement mirror on a vacuum chuck and a 
reference mirror on the objective lens 26, and. hence ^ 
higher-precision ^mensurationjof alignment can be implemented. 
Furthermore, it is also possible [tha^^the straightness profile 
of the X-stage 28x(was measured) beforehand and, based on the 
measured data , ^ measured images (are correcte^. 

As described in the foregoing, [mensuratio^^ of various 
dimensions of the MR element^ whose track width is 0.5 or 
less^and the resistance detector elements^ as well as alignment 
error among these elements^ can be performed even when the MR 
elements are coverecl. with end face protection films, andt 
consequently^^ situationjjof the element formation process can 
be in-proce^s ^n^n^ By virtue of this, it [ban be]^^ 

possible fcha'E^ problems in the process ^are found^at (Itsi^early 
stage, ^the process parameters ^re modifie^, ^nd thereby]^ 
defective products ^re)^reduced [in number^ and the yield is 
improved. In addition, in controlling the lapping weight in 
the lapping process, feedforward control lapping can also be 
realized, wherein th e amount of weight is corrected based on 
measured data (^f)y(dimens ions and alignment. 

Next, a second embodiment according to the present 
invention will be described with reference to FIG. 12. FIG. 
12 is a schematicj^diagram showing [a_ constitution of] a 
dimension/ alignment measuring apparatus for MR and ELG 
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according to a second embodiment of the present invention. 

This apparatus is composed of a measurement optical 
system 102, the automatic focusing system 201, the image 
signal processing and controlling system 301, and the stage 
5 system 401. (Large'^dif f erence of the present embodiment from 
the first embodiment is that the measurement optical system 
102 is constructed by mounting oblique illumination systems/ 
for detecting an image [60a and 60b1 (parallel to a plane of the 
figure) and^60c and 60d^ (normal to the plane, not shown in the 
10 figure) on the measurement optical system 101 of the first 

embodiment. Constructions and features of other components, 
that is , the automatic focusing system 201 , the image 
processing and controlling system 3 01, and the stage system 
— — 40lKare the same as in the first (embodimentslftand^ therefore <• 
15 description |for)j^ these components will be omitted. 

Each of the oblique illumination systems 60a, 60b, 60c, 
and 60d is composed of a fourth harmonic generator of a 
semiconductor laser-pumped YAG laser and a beam forming 
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optical system. The oblique illumination systems 60a, 60b, 
60c, and 60d emit light beams (o£)J^a wavel^^igjtj^^^^^^ nm [61^7] 

^Ib) (parallel to the plane of the figure) and^61c, 61d (normal 
to the plane, not shown in the figure) , made)/to illuminate 

the element area on the wafer 1 obliquely from above in four 
directions. For example, the end faces 3c and 3d in an 
2 5 element height direction of the MR element on the wafer 1 

shown in FIG. 6(b) are illuminated obliquely from above by the 
oblique illumination systems 60c and 60d, and scattered light 
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from the stepped regions is imaged onto the CCD solid image 
pickup element 38 through the DUV matching objective lens 2 6 
and the DUV imaging lens 37. processing after this proces^is ' 
the same as in the first embodiment. 



5 According to the present embodiment, not only the same 

effects as those of the first embodiment [can be obtaine^, but 
also an effect can be produced {that)^high-precision|y[mensuratio^ 
of dimensions and ^alignment of the MR elements^^s^ performed by 
detecting the scattered light from the stepped regions which 

10 are illuminated obliquely from above^ even when the MR elements 
and the resistance detector elements come to have a pattern 
step whose height is of the order of 10 nm as a result of a 
trend (of) j^reduct ion in thickness regarding these elements. By 
the way, the epi-illumination system is still utilized in 

15 detecting an alignment pattern for rotation adjustment of a 
wafer and in performing [mensuratio^j of an element pattern 
having a relatively large step. Further, in the present 
embodiment, a scanning ^ucus^^of the X stage 2 8x is 
persistently chosen to be a basis for^ [mensuration) of element 

20 alignment. Alternatively, to ^mprove) further^ the accuracy of 
the measurement, it is also possible to monitor the 
displacement of the stage with a laser len^h measuring 
machine^ which is temp^|vature controlledj and/ correct a 
reference position ofj^detected images by that amount of 

2 5 displacement. 

Next, a third embodiment according to the present 
invention will be described with reference to FIG. 13 to FIG. 
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15. FIG. 13 is a schematic/ diagram showing a Constitution of ^ 
dimension/alignment measuring apparatus for MR and ELG 
according to the third embodiment of the present invention. 

This apparatus is composed of a measurement optical 
system 103, fth^ automatic focusing system 201, (th^/image 
signal processing and controlling system 301. and the)j\stage 
system 401. ^arge^jdif f erence of the present|[embodimentsJ f rom 
the first embodiment is that the measurement system 103 is 
constructed as a phase difference detection system by adding a 
phase modulation element/ for de tect ing /[phase difference [62^ in 
a detected light path. ^onstructions^^and features of other 
components, that is, the automatic focusing system 201, the 
image signal processing and controlling system 301, and the 



stage system 401 are the same as in the first embodiment and < 
15 therefore^ description ^o:^^these components will be omitted. 

[a detaiij^of the measurement optical system 103 ^s") 
schematically shown in FIG. 14y^. DUV light 64 (ofjj^a wavelength 
of 248 nm emitted from the DUV light source 21 is collimated 
by the DUV matching relay lens 2 3 and the DUV matching 
20 objective lens 26 (p£)|ya NA of 0.9 and made to epi-illuminate 

the element area on the wafer 1. The beam splitter 2 4 is j for 
separating the illumination light and the detected light. A 
phase modulation element 62 is disposed at a focal position of 
the objective lens 2 6 on the image side. 
2 5 As ^Yi<^m^ in FIG. 15, the phase modulation element 62 [is]) 

(composed of^(,an area for transmitting DUV light 68 and a (\ a -I 

quarter wavelength plate 63 in the central part thereof. Of^ 
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reflected ^ightj from the element area on the wafer 1, directly 
reflected light 69 from the whole portion of the element area 
is focused on a focal point on the image side through the DVD 
matching objective lens 26 and/ transformed into light 67 with 
5 a^retarded ^hase^by a quarter wavelength^ because the directly 
reflected light 69 passes through this quarter wavelength 
plate 63. ^ .aOOk 

On the other hand,L diffracted light) (66a\ and /66b],which 
pass though the protection f ilmsyv[sia) and [sib]^and then^^ 

10 diffracted by element stepped regions 3c and 3d^pass though 
the transmission area 68 of the phase modulation element 62. 
This transmitted light 66 interferes with the directly 
reflected light 67 from the whole portion of the element area 
with a ^retarded ^hase) by a quarter wavelength, so that the 

15 contrast of a detected image of the element is enhanced 
through this interference effect. That is, the directly 
reflected light 67 from the whole portion of the element area, 
being used as reference light, is made to interfere with the 
diffracted light 65a and 65b from the element stepped region. 

20 An image of this interference light is picked up by a CCD 
solid image pickup element 38. Processing after the image 
pickup by the CCD solid image pickup element is identical to 
that described in the first embodiment. /j[ ^^tr><^AA< ^ ^M^^^ 

According to the present embodiment , not only ^ the same 

2 5 effect as that of the first embodiment (can be attaine^, but 
also a high-contrast image can be detected. and. thereby^ 
high-precisionj^^nsuration) of ^dimensions and alignment can be 
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achieved because (ai^/phase difference at a minute step can be 
detected as variation in strength of the interference 

light ^^by^^^^e use of light interference even when there is a 
trend [of^reduction in the thickness of the MR elements and the 
resistance detector elements, reaching a pattern step of the 
order of 10 nm. By the way, in the present embodiment, (^a) 
scanning ^AicusjlAof the X stage 2 8x is persistently chosen to be 



a ^b^is f or^^mensurationl of element alignment. Alternatively, 
to /improve (furthe^ the accuracy of the measurement, it is also 

10 possible to monitor the displacement of the stage with a laser 
length measuring machine and^correct a reference position of 
detected images by that amount of displacement. 

Next, a ^orth)^ embodiment of the present invention will be 
described with reference to FIG. 16. FIG. 16 is a view 

15 showing construction ofj a dimension/alignmentAmeasurement 



apparatus for MR and ELG according to the ^ort^^ embodiment of 
the present invention. 

This apparatus is composed of a measurement optical 

system 104, ghejj, automatic focusing system 2 01 , Cthe)j\image 

«\ 

20 signal processing and controlling system 301, and ^hej^stage 
control system 401. |ljarge|^dif f erence of the present 
embodiment from the first embodiment is that the measurement 
optical system 104 is constructed so as to form ^heT^ 
Twyman-Green interferometer. Construct ions^and |Eheirj 

2 5 functions of other components, that is, the automatic 

f ocusing-system 201, the image signal processing and 
controlling system 3 01, and the stage control system 4 01j are 
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much the same as in the first embodiment v and .thereforejO^ 
descriptionjy[forJ these description^ jwi 11 be omitted. 

DUV light 22 (of||\ k wavelength of 248 nm emitted from the 



DUV light source 21 is collimated by the DUV matching relay 
5 lens 2 3 and the DUV matching objective lens 2 6 havingy,(a) NA of 
0.9, which epi-illuminates the element area on the wafer 1. 
At the same time, the light 70 passing through the beam 
splitter 24 is collimated by the DUV matching lens 26' 
(similarly and^made to illuminate the reference mirror 71. 

10 The reflected light ^orj^j^the element area on the wafer 1 and 

the reflected light from the reference mirror 71 retrace ^heir^ 
identical light path^ respectively^ and are combined to 
interfere with each other. This interference light 7 3 is 
imaged onto a CCD solid pickup element 38 through the DUV 

15 imaging lens 37. ^ocess after this ste^j^is the same as in 
the first embodiment. 

Also^ in the present embodiment, the phase difference 
generated at the element stepped region is transformed into 
[the|j^ variation in the strength of the interference light^andj 

2 0 thereby^ a high-contrast image can be detected as is the case 
(wit^j^the third embodiment. The angle of elevation and(Ja]^J^ 
direction of the optical axis of the reference mirror 71 are 
fine-tuned by driving an actuator 72 i^response to a signal 
from the computer 40 so as to optimize j interference effect, and , 

2 5 henceyy obtain a high-contrast interference image. 

In the present embodiment, the DUV light source is chosen 
to be a combination of a mercury-xenon lamp and an 
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interference filter having a transmission center wavelength of 
2 48 nm. Alternatively, a ^ort^j harmonic of a semiconductor 
laser-pumped YAG laser, namely (the) 2 48 nm light, may.be used. 
By the way, in the present embodiment, a scanning ^ucusjjjof the 
X stage 28x is persistently chosen to be a basis for /i 
giensurationjpf element alignment. Alternatively, to^ improve 
further) the accuracy of the measurement, it is also possible 
to monitor the displacement of the stage with a laser length 
measuring machine and^ correct a reference position of detected 



10 images by that amount of displacement, 



Accordi^g^^tjD ^he present embodiment, not only^ the same 
effect as (those of^the first embodiment ^an be attaine^, but 
also a high-contrast image can be detected i and* thereby, 
high-precision^^inensuration] of dimensions and alignment can be 

15 achieved because a phase difference at a minute step can be 

detected as ^he)\ variation in the strength of the interference 
light by means of light interf erence-^ even when there is a 
steady trend ^£)^reduction in the thickness of the MR element 
and the resistance detector element, reaching a pattern step 

2 0 [of^j^the order of 10 nm, as {ls)^the cases of the second and third 
embodiments . 

Also, the DUV light is not reguired to be monochromatic 
light, [anc5)^may be white light having a certain width of 
wavelengths instead. In such a case, sharp interference 
2 5 fringes can be obtained by adjusting the reference mirror 71 
along the direction of the optical axis so that ^r^j^optical 
path length from the beam splitter 2 4 to the wafer 1 and ^hat^ 
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from the beam splitter 24 to the reference mirror 71 become 
identical with each other. By adjusting the Z-stage 30, sharp 
interference fringes of the pattern can be obtained both for a 
top part and for a bottom part. The step position in the 
5 pattern can be found from change points of the interference 
fringes . 

Furthermore, in the four embodiments described above, the 
elements to be measured are all MR elements. However, 
elements to be measured according to the present inventions 

10 should not be limited ^ithinjjithese elements;^ it goes without 
saying that the present invent ionyy can be ^IsoJ applicable to 
GMR (giant magneto-resistive) elements. Moreover, the present 
invention is not limited [to be applied] only to thin 
film-magnetic heads because of its fundamental configuration, 

15 but can be also applicable to measurement of dimensions and 

alignment of plural semiconductor element patterns^ and also to 
measurement of the accuracy of superposition of patterns in 
exposing a substrate. 
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As described in the foregoing, according to the present 

CO 

invention, the following effects are obtained: an effect that 
high-precisiony^ensurationj of a minute MR element having a 
track width W,. of 0 . 5 A^m or Ifss and a resistance detector 
element can be performed to/^indj their various dimensions andi ' 



alignment error even when end face protection films are 
2 5 provided(:Jlandy\an effect that a situation in the element 
formation process can be in-process monitored. Also, an 
effect is achieved /.that occurrence of defective elements can 
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be reduced, and thence, the yield can be improved throuqh early 
^indingj of i^process nonconformity and subsequent modification 
of process parameters^ which are realized by the 
above-described effects. Also, an effect is attained;^ that a 
feedforward control lapping can be realized wherein a lapping 
weight is corrected based on measured data [of^jfiimensions and 
alignment in controlling the lapping weight in the lapping 
process . 
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